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A METHOD FOR DETECTING SMALL QUANTITIES OF 
CHLORETONE (TRICHLOROTERTIARYBUTYL 
ALCOHOL) IN AQUEOUS SOLUTIONS. 


By T. B. ALDRICH, 


(From the Research Laboratory of Parke, Davis and Company, Detroit.) 


CORRECTION. 
In Volume XXNIII, No. 3, March, 1918, page 528, line 12, for Hoffmann 


read Hodgkin. 


On page 528, heading to Table 1], and page 529, line 1, for hoffmannt 


read hodgkint. 


a partiv hited bottle or contaimmer, the compound will be tound 
partly sublimed on the upper walls of the vessel in the form of 
beautiful needle-shaped ervstals. 

Although only qualitative results are claimed for the method, 
still by using duplieate apparatus, especially where small amounts 
‘1 to 5 mg.) are present, the amount may be estimated quite 
closely. The entire apparatus necessary consists of two flasks, 
holding 1 liter and 300 ce., respectively, a condenser, and a steam 
generator. The larger flask is used for the steam distillation, 
While the smaller is used for the return flow condenser. With this 
upparatus, one can detect verv readily in 800 to 500 ce. of water 
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A METHOD FOR DETECTING SMALL QUANTITIES OF 
CHLORETONE (TRICHLOROTERTIARYBUTYL 
ALCOHOL) IN AQUEOUS SOLUTIONS. 


By B. ALDRICH. 


(From the Research Laboratory of Parke, Davis and Company, Detroit.) 
‘Reeeived for publieation, March 7, 1918.) 


The wide use of chloretone therapeutically, especially at the 
present time, as a hypnotic, an anesthetic, a sedative, ete., seems 
to call for the publication of the following method for its detection. 

Part of the work in connection with the development of this 
method was carried out several years ago, while quite recently 
this older work has been repeated and the observations made at 
that time reconfirmed. The effieaey of the method under varving 
conditions, also its limitations toa certain extent, has been studied. 

The method is based on the volatility of ehloretone, one of its 
chief physical properties, its imsolubility in water, and also on its 
property of erystallizing in needles from aqueous solutions on 
eooling. All who are familar with ehloretone have been inpressed 
with its volatility in the sir, or with steam and water. The 


substance cannot be dried without losing in a very short time 


considerably im weight; nor can it be kept in an open vessel or 
even wrapped in ordinary paper any length of time. If kept in 
a partly filled bottle or contamer, the compound will be found 
partly sublimed on the upper walls of the vessel in the form of 
beautiful needle-shaped crystals. 

Although only qualitative results are claimed for the method, 
still by using duplicate apparatus, especially where small amounts 
(1 to 5 mg.) are present, the amount may be estimated quite 
closely. The entire apparatus necessary consists of two flasks, 
holding 1 liter and 300 ce., respectively, a condenser, and a steam 
generator. The larger flask is used for the steam distillation, 
while the smaller is used for the return flow condenser. With this 
apparatus, one can detect verv readily in 300 to 500 cc. of water 
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264 Chloretone in Aqueous Solutions 


1 to 5 me. of chloretone, and with a constricted tube cooled with 
air instead of a condenser, as little as 0.5 mg. or less. In my earlier 
experiments a constricted air-cooled tube was emploved, while 
later I emploved a condenser exclusively. 

When a large amount of chloretone is present, it may be ob- 
served in the condenser during the steam distillation; but where 
only a few mg. or a fraction of a meg. are present, the use of the 
return flow condenser or tube is absolutely necessary for its 
recognition. The erystals of chloretone in the latter case are 
noticed usually at the lower cooled portion of the condenser, 
especiilly where the steam crest is being condensed, or possibly 
a few crystals may be observed according to quantity present, 
about one-third or at the most half way up the condenser. Where 
a liquid is employed, it is only necessary to pass steam through it; 
When a selid contains chloretone this should be powdered and 
then imtroduced into the steam distillation flask with the water. 

Not only may chloretone be detected with certainty in aqueous 
solution when alone, but it may also be recognized when mixed 
with other bodies with which it may be confused, or which may 
interfere to a certain extent with its detection, 

In the presence of volatile organic solvents as alcohol, acetone, 
ete., it is practically impossible to detect small amounts of ehlore- 
tone, since the solvent keeps the drug in solution and prevents 
erystlization. It may be deteeted with a considerable degree 
of certamty, however, in a mixture of oil, protein, fat, salt, ete., 
which does not contain the volatile solvents mentioned above or 
other volatile bodies with whieh it may be confuse L. 

(hloretone is not apt to be contused with other volatile com- 
pounds of similar use, but, if present to any great extent, miav 
be identified and distinguished from these bodies by further spe- 
cific tests. “The analogous body, brometone, although volatiliz- 
ing, ete., similar to chloretone, forms, when distilled in small 
amounts, small crystals instead of needles as in the ease of chlore- 
tone. Camphor, which also volatilizes with steam, does not 
give needles as in the ease of chloretone, nor does it give the 
flame test with copper oxide. 

Chloral hydrate and chloretone may be confused with each 
other, but here the greater solubility of chloral hydrate and the 
comparative insolubility. of chloretone ino water, together with 
its odor, will serve to differentiate these bodies. 
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In the presence of coagulable protein, T have been unable to 
detect very small amounts of chloretone, but after digesting the 
protein with pepsin HCl (thus preventing coagulation) as small 
amounts may be detected as in water alone. 

Oils or fats do not in general interfere with the detection of 
small amounts of chloretone. 


EXPERIMENTAL. 


A. Detection of Chloretone in Aqueous Solution. gin. of chloretone 
were dissolved in 1,000 ec. of HLO, and portions of this solution used for 
the following tests: 

(1) Tolee. of the chloretone solution (Smg.), placed in a steam distilla- 
tion flask, were added about 300 ce. of HeO. It was distilled with steam 
until 100 ce. of the distillate had been colleeted. 

This 100 ce. of distillate containing the 5 mg. o! chloretone was trans- 
ferred to a small flask and boiled for half an hour, using a return flow con- 
denser. Crystals of chloretone were noticed in considerable quantity in 
the condenser. From the amount present in this experiment, it was esti- 
mated that as little as 0.25 mg. or even less might be detected. 

(2) The above was repeated but with only 0.5 ce. of the chloretone solu- 
tion (2.5 mg. ). Positive. 

(3) Repeated (2). Pos/tive. | 

(4) Repeated the experiment using 0.25 ee. of the chloretone solution 
(1.25 mg.). Positive, but slight amount. 

(65) Repeated (4). Positive. 

(6) Repeated the experiment using 0.05 cc. of the chloretone solution 
(0.25 mge.). Negative. 

B. Detection of Chloretone When Dissolved in Horse Serum.—(1) 1 ee. 
of chloretone solution, 0.5 per cent (5 mg.). was added to 250 ce. of normal 
horse serum and the test carried out inthe usualway. Negative. Nodoubt 
the coagulation of the serum interferred with the distillation of the chlore- 
tone, especially in this small amount. 

2. a) 120 ee. of serum containing 5 me. of chloretone were digested at 
37-39 with pepsin hydrochloric acid for 4 days. Positive. Very 
pronounced, 

(hb) (a) was repeated except that only 1 ec. of chloretone solution (1 mg.) 
was employed. Positive. Slight trace. 

('. Detection of Chloretone in the Presence of Water and Oil.—(1) 2 ee. 
of chloretone. solution (10 mg.) were placed in a flask, 200 ee. of distilled 
water and O.5jec. of olive oil added and distilled in the usual way. Positive. 


‘Ina paper to be published shortly this feature of digestion is used in 
detecting chloretone in animal fluids and organs. 
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266 (Chloretone in Aqueous Solutions 


2) 1 gm. of chloretone dissolved in olive oil (5 ec.) was placed in a flask, 


200 ce. of water were added, and distilled. Positive. 
D. Detection of Chloretone When Mixed with Various Substances.—The 


following substances were placed in a steam distillation flask: 


0.5 ee. propionic acid. 


0.5 “ butyric 
0.2 gm. stearic 


2 “ palmitic 
1.0 “ dextrose. 
5 ** dried horse serum. 


To the above mixture 1 ee. of chloretone solution 0.5 per cent was added 
(5 me.) and then 150 ce. of water. This mixture was subjected to steam 
distillation. Chloretone positively recognized, 

BE. Detection of Chloretone tn Alcoholic Solution of Various Strengths.— 
1) 1 ce. of an aqueous 0.5 per cent solution of chloretone (5 mg.) was 
placed in a flask, 100 ce. of 10 per cent alcohol were added, and distilled 
with steam. Negative. 

(2) Repeated (1) except that 100 ce. of 5 per cent aleohol were used. 
Negative. 

3) Repeated (1) except that 100 ce. of | per cent aleohol were employed. 
Negative. 

From experiments carried out with organie solvents (aleohol) it is shown 
that chloretone, especially in small amount, 1 to5mg., cannot be detected 
by this method even in the presence of a very small amount of aleohol. As 
farasinvestigated, evensmall amounts of volatile organic solvents dissolve 
the small amount of chloretone present, thus preventing its recognition. 

FE. Detection of Chloretone When Mixed in Small Quantities with Other 
Volatile Compounds.—The following products were placed in a steam dis- 
tillation flask, about 300 ec. of water added and distilled until about 100 
ec. of distillate had passed over. 

1) Smg. brometone ervstals. 

2) Lee. chloretone inhalent. 

3) 1 gm. camphor. 

4) 15 mg. camphor, 15 mg. ehloretone. 

5) 0.2 gm. chloral hydrate. 
6) 15 me. chloral hydrate, 15 mg. of chloretone. 
1) Did not give typieal needles as by chloretone, 

2) semicrystalline sublimation obtained. Chloretone may be detected 
in this product by means of the copper-flame test (green). 

3) Did not give typieal needles (applied copper-flame test). Negative. 

4) Did not give typical needles applied copper-flame test). Pos tive. 

5) Did not give typiea’ erystals-—solubility of portion sublimed in 
water distinguished from chloretone. 

6) Did not give very pronounced needles; however. some were present. 
Was separated by water. 
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The method lends itself especially to the detection of ehloretone 
in toxicological and pharmacological work. Here we have the 
drug usually unassociated with bodies that would interfere with 
its recognition, and a very small amount may be detected. 


SUMMARY. 


Very small quantities of chloretone may be detected with 
certainty in aqueous solutions by distilling with steam and boiling 
the distillate on a reflux condenser, 

The method emploved is based on the physical properties of 
chloretone: volatility with steam, insolubility in water, property 
of ervstallizing in the form of needles. 

(‘hloretone may be detected when accompanied by other sub- 
stances such as oils, fats, acids, salts, ete. The organic solvents, 
however, prevent its recognition. 

In the presence of substances which simulate chloretone, specific 
tests may be made to differentiate them. | 

The method lends itself admirably to the detection of the drug 
in the fluids and tissues of the body. 
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THE ADRENALS IN RELATION TO CARBOHYDRATE 
METABOLISM. I. 


THE INFLUENCE OF REPETITION OF EPINEPHRINE INJECTION 
UPON THE INTENSITY OF GLYCOSURIA AND HYPER- 
GLYCEMIA AND THE GLYCOGEN CONTENT 
OF THE LIVER. 


By SHIGENOBU KURTYAMA. 


(From thie Sheth Lahoratory of Physiological Chemistry, Yale rsity, 
New Haven.) 


(Received for publication, March 6, 1918.) 


epinephrine glycosuria, first discovered by Blum,!? results from hyper- 
glycemia.’ Dovon and Warelf,’ Drummond and Paton,® Bierry and CGa- 
tin-Gruzewska,*? Wolownik.> and Agadschaninnz®? demonstrated a marked 
loss or complete disappearance of the liver glycogen after epinephrine 
injection, According to Gatin-Gruzewska,!’ the liver and muscles. of 
rabbits, previously fasted for 24 hours, were glycogen-free in 36 to 40 hours 
after intraperitoneal injection of epinephrine in doses of 1 img. or less per 
kilo of body weight. The complete disappearance of the muscle glycogen 
in rabbits, fasted and poisoned with epinephrine, was also reported by 
Agadschanianz.’ Paton,'' after epinephrine injection, obtained a more 
marked glycosuria in well fed animals than in those which had been taking 
less food. Contrary to many reports concerning the influence of epineph- 
rine in causing liver glycogen loss, Loeper and Crouzon'? reported that 
they found an inereased glycogen content of the liver after an intravenous 


' Blam, F.. Deutsch. Arch. klin. Med., 1901, Ixxi, 146. 
> Blum, Arch. ges. Physiol., 1902, xe, 617. 
3 Zuelzer, G., Berl. klin. Woch., 1901, xxxviii, 1209. 
* Metzger, L., Waneh. med. Woek., 1902, xlix, 478. 
> Dovyon, M., and Wareff, N., Compt. rend. Soe. biol., 1904, lvi, 66. 
Drummond, W. B., and Paton, D. N., Physiol., 1904, xxxi, 92. 
’ Bierry, H., and Gatin-Gruzewska, Z., Compt. rend. Soc. biol., 1905, 
902. 
> Wolownik, B., Virchows Arch. path. Anat., 1905, elxxx, 225. 
* Agadschanianz, WK., Brochem. Z., 1907, 11, 
© Gatin-Gruzewska, Z., Comp. rend, Acad., 1906, exli, 1165. 
Paton, D. N., J. Physiol., 1903, xxix, 286, 
2 Loeper, M., and Crouzon, O., Comp. rend. Soc. biol., 1903, lv, 1376. 
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270 Adrenal and Carbohydrate Metabolism. I 


injection of epinephrine. Pollak!® made rabbits glycogen-free by fasting 
and strychnine poisoning, and then by small increasing doses of epineph- 
rine was able to bring about a new formation of the liver glycogen, in such 
quantities as ean be equaled only in animals fed on carbohydrate. 

It has often beep reported that epinephrine does not produce glycosuria 
in animals which have been made entirely or almost glycogen-free. Blum! 
at first supposed that epinephrine glycosuria occurs in animals, fasted 
entirely glycogen-free; but later he found it necessary to modify his opin- 
ion.* Herter and Richards reported that prolonged fasting with phlor- 
hizin poisoning reduced a dog to a condition in which administration of 
epinephrine resulted in little or no glycosuria, phlorhizin, however, still 
being able to cause glycosuria. Ringer’ made dogs glycogen-free by a 
combination of hunger, cold, and phlorhizin, and then found that epi- 
nephrine injection induced no increase in the elimination of sugar, norany 
change in the dextrose-nitrogen ratio. Frank and Isaaec!® and Michaud!? 
failed to demonstrate epinephrine hyperglycemia in animals poisoned with 
phosphorus. Dovyvon and Wareff,? Wolownik® and many others consider that 
the liver glycogen is, for the most part, the source of the sugar eliminated 
by administration of epinephrine. Falta and Priestley,'® using rabbits, 
tied off the liver vessels and found that despite a subcutaneous injection 
of epinephrine, the blood sugar content did not increase as in the controls. 
Michaud!’ reported that in dogs with an Eck fistula, epinephrine did not 
cause any rise in the blood sugar. In frog experiments, Velich'® found 
that the spleen, intestine, reproductive glands, or pancreas may be removed 
without any effect upon epinephrine glycosuria, but removal of the liver 
prevents glycosuria. Starkenstein” found that when normal livers are 
perfused with salt solution or defibrinated blood, the addition of epi- 
nephrine to the perfusion fluid has no influence upon the rate of disappear- 
ance of glycogen. He attributes the negative results to the early death 
of the peripheral nervous mechanism in the excised liver. Macleod and 
Pearce®' proved that injection of epinephrine into the portal circulation 
of a living animal is followed by increased glycogenolysis in the liver and 
considered this to be due to the local glycogenolytic mechanism. Bang? 
noticed that epinephrine hyperglycemia in fasted rabbits is as high as in 
well nourished controls; in the former, however, it appeared a little later 


1s Pollak, L., Arch. erp. Path. u. Pharm., 1909, Ixi, 149. 

‘4 Herter, C. A., and Richards, A. N., Med. News, 1902, Ixxx, 201. 

Ringer, A. I., Proc. Soe. Exp. Biol. and Med., 1909-10, vu, 8. 

Frank, E., and Isaac, 8., Z. erp. Path. u. Therap., 1910, vii, 326. 

' Michaud, Verhandl. deutsch. Kong. inn. Med., 1911, xxvitt, 561. 

Falta, W., and Priestley, J. G., Berl. klin. Woch., 1911, 2102. 

'" Velich, A., Virchows Arch. path. Anat., 1906, cIxxxiv, 345. 

20 Starkenstein, I., Z. erp. Path. u. Therap., 1912, x, 78. 

* Macleod, J. J. R., and Pearee, R. G., Am. J. Phystol., 1911-12, xxix, 
419. 

= Bang, I., Der Blutzucker, Wiesbaden, 1913, 89. 
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thaninthe latter. He considers, therefore, that the liver is indispensable 
for epinephrine hyperglycemia, but the liver glycogen, on the other hand, 
is not a necessary factor, 

Wilenko®’ reported that epinephrine depresses the physiological eleva- 
tion of the respiratory quotient after administration of carbohydrate, and 
that glucose administered intravenously into animals taking epinephrine 


uppears quantitatively in the urine. He coneluded that epinephrine { 


diminishes the ability of the organism to burn sugar. La Franka*® found 
no change of the respiratory quotient after epinephrine administration. 
Fuehs and Réth,*® Bernstein and Falta,?? and Lusk?* found an 
increase of the respiratory quotient after epinephrine injection in normal 
men, and dogs and patients with Addison’s disease. 

Blum? observed that in fasted dogs. in which epinephrine was insuflicient 
to cause dextrose elimination, a diet of olive oil brought it about. Eppin- 
ger, Falta, and Rudinger?® claim that fat metabolism is increased in epi- 
nephrine glycosuria and that fat feeding increases the sugar excretion. 
Though some authors reported that epinephrine has no influence upon pro- 
tein metabolism (Blum,* Wolownik,’ Kraus and Friedenthal®) Eppinger, 
“alta, and Rudinger ?* and Quest®! noticed an increased nitrogen elimina- 
tion after epinephrine injection. Paton"! reported that epinephrine does 
not change the protein metabolism of well nourished animals. In insuffi- 
ciently nourished animals, however, he observed a distinet increase in the 
nitrogen excretion, This was also confirmed by Underhill and Closson.* 

As to the influence of repetition of epinephrine injection upon the 
givcosuria, Herter and Wakeman*® reported that the glyeosuric effect 
of epinephrine disappears in a very few days. Injecting epinephrine into 
rabbits for 11 to 25 davs, Paton! noticed that the animals could be made to 
withstand an otherwise lethal dose of epinephrine. Glyveosuria was usually 
present. Velich'® observed that in frogs glycosuria was always induced 
by daily repetition of epinephrine injection as long as a good nutritional 
condition was kept. When the animals were fasted from the start of the 
experiments, after 5 to 6 days, glycosuria could no longer be induced. 


23> Wilenko, G. G., Biochem. Z., 1912. xlit, 44. 

La Franka, S., Z. erp. Path. u. Therap., 1909, vi, 1. 

Hari, P., Biochem. Z., 1911, xxxvili, 23. 

>> Fuchs, D., and Réth, N.. Z.. exp. Path. uv. Therap. 1911-12, x, 187. 

27 Bernstein and Falta, W., Verhandl, deutsch. Kong. inn. Med., 1912, 
XXIX, 536. 

23 Lusk, G., Arch. Int. Med., 1914, xiii, 673. 

°9 Eppinger, H., Falta, W., and Rudinger, Z. MWed., 1908, Ixvi, 1. 

° Kraus, F., and Friedenthal, H., Berl. klin. Woch., 1908, xlv, 1709. 

' Quest, R., Z. erp. Path. u. Therap., 1908, v, 43; cited by Allen, F. 
M., Studies Concerning Glycosuria and Diabetes, Boston, 1913, 690. 

= Underhill, F. P., and Closson, O. k., Am. J. Phusiol., 1906-07, xvii, 42. 

‘) Herter, C. A., and Wakeman, A. J., Virchows Arch. path. Anat., 1902, 
elxix, 479. 
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He considers that this was due to the entire loss of the liver glycogen. 
When Pollak injected epinephrine repeatedly into rabbits which were 
fasted from the beginning of the experiments, glycosuria usually dis- 
i 18 : appeared in several days, while the blood sugar content still reached as 


high as 0.29 to per cent. His explanation was that the kidnevs became 
. aaa accustomed to a high blood sugar content or they received some specific 
a influence by repeated epinephrine injection. 


From the brict references mentioned above, it will be seen that 

| there is still a great uncertainty concerning the mechanism of 
epinephrine hyperghyveemin and glycosuria. Mv present experi- 
ments were chiefly planned to see how the intensity of epinephrine 
hvperghvecmmia and ghveosuria is) modified by repetition of 
epinephrine injection or the nutritional condition of the animals, 
/ and also to see how the liver glycogen is affeeted by epimephrine 


Injection. 
Methods. 


: Rabbits were emploved. They were divided into three groups, 
fal. In the first, epinephrine was injected daily, the animals being 
kept ina good nutritional condition, After a considerable length 
of time, the animals were fasted, the epinephrine injection being 
continued, The urinary sugar was estimated daily; the blood 
bade. sugar from time to time. The rabbits were then killed and the 
glycogen content of the liver was determined. In the second 
os oe | | | eroup, the animals were fasted from the beginning of the experi- 
ae | ment. Daily epinephrine injection, the determination of the urine 
4 and blood sugar and of the liver glycogen were the same as in the 
first group. The glycogen of the skeletal muscles was also cesti- 
mated. In two rabbits of this group, instead of daily epinephrine 
Beis injection, this drug was injected only onee, at the end of the fasting 
period. ‘The third group was used as control, the glycogen content 
| of the liver and the muscles being estimated after a certain period 
of tasting. Phe preparation of epinephrine employed was 
| adrenalin (1: 1,000) of Parke, Davis and Company. It was 
| injected subcutancously without any dilution. In the prelimi- 
: nary period all the rabbits were well fed on oats and vegetables, 
and at the start of the experiments the animals selected were as 
nearly as possible in like nutritional condition. In the feeding 
period of the first group, the same food was continued. Water 
Was always given freely to all the animals. The urine was 
eollected daily by pressure upon the bladder through the abdom- 
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inal wall. The urine was examined for protein and casts from 
time to time, 

The sugar in the urine was determined by the Pavy-Kumagawa- 
Suto method’! As the original apparatus, which prevents 
reoxidation of the copper solution was not obtainable. a similar 
device Was made with the valve of a rubber bulb. The valve, 
Which was connected to the flask containing the copper solution 
by a rubber tube, was placed in water ina flask. The ammonia 
esczping from this flask was received in another flask containing 


diluted sulftunie seid. 


7 


Grams of Dextrose 


Days 
Feeding Reriod 
----- Fasting Period 


Carr. The influence of repetition of epinephrine injection upon the 
intensity of glveosuria (ef. Pable I). 


At the end of the experiment, the rabbit was rendered uncon- 
scious by a blow on the neek and bled. The glycogen of the 
liver and skeletal museles (hind legs) was determined by Pfliiger’s 
method. The glyeogen was hydrolyzed by hydrochloric acid, 
and the sugar thus produced was determined by the Pavy-Kuma- 
gawa-Suto method. The sugar content of the blood was deter- 
mined by the Lewis-Benedict method. The results are shown 
in Tables I, II, and I]I and Chart I. In making Chart I, the 


‘4 Kinoshita, T., Biochem. Z., 1908, ix, 208. Neubauer, C., and Vogel, 
J., Analyse des Harns, Wiesbaden, 11th edition, 1910, 399. 
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amount of dextrose eliminated in 24 hours was averaged every 3 
days. In cases where the number of days either in the feeding 
or in the fasting period could not be evenly divided by three, the 
last average was made from either 2 or 4 days. 


TABLE III. 


— ogen Content of the Liver and Muscles of Fasted Rabbit. 


weight. End, kg.. 7 46 1.30 1. 1.83 1.84 1.56 
Weights gm 30.6 (28.8 (38.2 38.5 31.2 
Liver. | Glycogen 0.137 0.107 0.403 0.137 
content. | O. 0.48 | 0.28 | 1.05 0.44 
Glycogen ¢ content tof muscles, percent . 0.09 0.10 0.18 
DISCUSSION, 


Glycosuria.—-From the data in Table I and Chart I, it will 
be seen that there was some variation in the intensity of glycosuria 
after the same dose of epinephrine, both in different animals and 
in the same animal at different times. Repetition of epinephrine 
injection for a considerable length of time, however, did not 
materially alter the character of the curve of sugar exeretion, so 
long as the rabbits were well nourished. These results are in 
harmony with those of Velich’s frog experiments. When the 
rabbits were fasted, the intensity of glycosuria decreased mark- 
edly, although the dose of epinephrine increased in proportion 
relatively to the loss of body weight. This decrease of glycosuria 
however, never went as low as zero. It remained rather station- 
ary atacertain stage. This does not exactly accord with Pollak’s 
and Velich’s'reports. A marked decrease of glycosuria in fasting 
could also be seen in the rabbits which were fasted from the start 
of the experiments (Table II). 

Hiyperglycemia.—As to the epinephrine hyperglycemia, there 
was also some variation after the same dose of epinephrine. 
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In the fasting period, the intensity of hyperglycemia was some-— 
times a little lower than in the feeding period. In most of the 
‘ases, however, no such change could be observed. The duration 
of the epinephrine hyperglycemia in the fasted animals seemed 
also to be practically the same as in the well nourished animals.*® 
These results are in harmony with those of Pollak and Bang. 
The question naturally arises why the intensity of glycosuria so 
markedly decreased in the fasting period. As no such change 
eould be observed in a prolonged feeding period, the so called 
epinephrine habit, suggested by Pollak, cannot explain this. 
Fasting itself must be the predominant factor. Although in 
some cases In my experiments, the urine volume in the fasting 
period was markedly decreased and a slight albuminuria and 
evlinduria occurred (Rabbit IT, Table I, Rabbit III, Table IT), no 
severe kidney injury was ever observed; still the decreased activ- 
itv of the kidneys in fasting cannot be entirely excluded. The 
source of sugar mobilized by epinephrine and some occasional 
change of hyperglycemia must also be taken into consideration. 
At any rate, this question still remains open. 

Gilycogen.— The glyvecgen content of the liver of the epinephrine 
rabbits was always greater than that of the control animals 
(Tables I, I], and IIT). This confirms Pollak’s statement, but 
contradicts Gatin-Gruzewska’s and also Agadschanianz’s reports. 
In my epinephrine rabbits, the glycogen content of the muscles 
was practically the same as in the controls. This does not exactly 
accord with Pollak’s experiments. Many authors have reported 
that the liver glycogen does not entirely disappear in fasting.” 
When it was desired to make an animal as glycogen-free as pos- 
sible, epinephrine, phlorhizin, strychnine, cold, or forced muscle 
work was used in combination with fasting. In fasted hens, 
Nebelthau®’? observed that narcoties such as chloroform, ether, or 
chloral hydrate, or antipyretics can cause the storage of liver 
glycogen. In rabbits deprived of glycogen by fasting and 
strychnine, Rolly*> observed a considerable amount of the liver 


*® Kuriyama, S., J. Biol. Chem., 1917, xxix, 127. 

°* PHiiger, E., Arch. ges. Physiol., 1907, exix, 117. 

“ Nebelthau, E., Z. Biol., 1891, xxviii, 138. 

** Rolly, Deutsch. Arch. klin. Med., 1905, Ixxxiii, 107. 
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and muscle glycogen in the latter part of the fasting period, 
and claimed this to be the result of a new formation of glycogen 
from cleavage produets of body protein, corresponding to the 
premortal inerease of the nitrogen elimination. Hirsch and 
Rolly®’ observed a similar glycogen storage after a certain duration 
of infectious fever, and attributed this to a new formation of 
glycogen from abnormally decomposed body protein. Epstein 
and Baehr!? observed that the glycogen content of the liver of 
fasted and phlorhizinized cats beeame as high as 2.18 per cent 
after the removal of the kidneys. The glycogen content of the 
muscles was similar to that of the control animals. Their explana- 
tion is that phlorhizin stimulates the liver to build up glycogen. 
Thus many substances which are considered to be able to mobilize 
the liver glycogen apparently can also cause a storage of the liver 
glycogen under certain experimental conditions. The glycogen 
formation from protein Is now 2 generally aecepted faet, and an 
increased protein metabolism after epinephrine injection has been 
reported by many investigators. In my rabbit experiments, a 
eonsiderable amount of dextrose (2.0 to 17.9 em.) was voided in 
the urine during the fasting period; still the glyeogen content of 
the liver was markedly greater than that of the control animals. 
The glveogen content of the muscles was practically the same in 
both the epinephrine and control animals. It seems very possible, 
therefore, that unduly catabolized protein facilitated a storage 
of glveogen. The two rabbits which reeeived a single epinephrine 
injection at the end of the fasting period (Rabbits IV and V, Table 
II) showed also a high glycogen content of the liver. The ab- 
normal glveogen storage, therefore, is not due to any influence of 
eontinued epinephrine administration. In Paton’s experiments 
an abnormal increase of protein metabolism after epinephrine 
injection was not large enough to account for the whole amount 
of sugar eliminated as originating from protein. [tis, therefore, 
very probable that epinephrine mobilizes the previously existing 
‘carbohydrate and also induces an abnormal protein decom post- 
tion; also that the latter beeomes especially apparent in fasted 
animats. 


Hirsch, C., and Rolly, Deutsch. Arch. klin. Med., 1903, Ixxvin, 380. 
Epstein, A. A., and Baehr, G., J. Brol. Chem., 1916, xxiv, 17. 
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pinephrine, administered parenterally into the organism is 
heleved to be destroved very easily. When epinephrine hyper- 
glycemia reaches its maximum or at least in the latter part of the 
hyperglycemia period, the epinephrine itself, which originally 
caused this hyperglycemia, may already be destroyed. Thus an 
abnormal amount of sugar circulating in the organism may be 
deposited as glycogen similarly to the sugar injected parenterally 
or taken in after digestion of carbohydrate. According to Straub® 
and Ritzmann,” however, glycosuria continues Just as long as the 
continuous Intravenous epinephrine imjection is kept up; it dis- 
appears as soon as the injection is stopped, and further epinephrine 
injection makes glycosuria reappear. This accords with the 
phenomena found by Kretschmer® concerning the vasoconstric- 
tive effect of epinephrine. The only difference is that the gly- 
eosuric effect of epinephrine needs a much longer latent period 
than its vasoconstrictive effect. The course of the hyperglycemia 
Was not studied here. If the epinephrine hyperglycemia really 
continues eactly as long as an excess of epinephrine exists in the 
circulation, the sugar mobilized by epinephrine may have no 
chance to be deposited again. Notwithstanding Straub and 
Ritzmann’s statements, this possibility for a new formation of 
glycogen cannot be entirely excluded. 

In explaining an abnormal glycogen formation after epineph- 
rine mjection, it may be said that epinephrine exerts a specific 
effect upon the liver, making this organ build up glycogen. — It 
may act directly upon the liver or indirectly through some other 
endocrine organs. Mackenzie’ is inelined to believe such a 
specific effect. As discussed above, however, this does not seem 
to be a necessary assumption, Many other toxie substances can 
behave ina somewhat comparable manner. The reason why the 
elyeogen content of the museles did not inerease like that of the 
liver may be well explained by the fact that the liver can store 
elycogen much easier than the muscles, 


Straub, W., Minch. med. Woch., 1909, lvi, 493. 

2 Ritzmann, H., Arch. erp. Path. u. Pharmakol., 1909, Ixi, 231. 

Kretschmer, W., Arch. exp. Path. u. Pharmakol,, 1907, lvii, 423. 
NIackenzie, G. M., Arch. Int. Med., 1917, xix, 598. 
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SUMMARY. 


Daily repetition of subeutanecous injection of epinephrine does 
not materially alter the character of the curve of sugar exeretion, 
so long as the animals are kept in a good nutritional condition. 
When the animals are submitted to fasting, the intensity of 
the epinephrine glycosuria deereases markedly, remains 
rather stationary at a certain level. 

epinephrine hyperglycemia is not markedly modified by daily 
repetition of epinephrine injection well nourished 
In the fasting period, the intensity of hyperglycemia sometimes 
becomes a little lower; in most of the cases, however, it Is as high 
as in the feeding period. 

The marked diminution of epinephrine glycosuria in fasting 
therefore, cannot be explained by insufficient hyperglycemia or 
by the so ealled epinephrine habit. Fasting must be the pre- 
dominant faetor. An adequate explanation is still lacking. The 
mechanism of hyperglycemia in fasted animals, the decreased 
activity of the kidneys in fasting, and some occasional change 
of hyperglycemia must be taken into consideration. 

The livers of the rabbits which are fasted and submitted to 
daily epinephrine injection, contain a much larger amount of 
glycogen than those of merely fasted animals. The glycogen 
content of the skeletal museles shows no notable difference im 
either case. A single injection of epinephrine into fasted rabbits 
van also cause a similar increase of the glycogen content of the 
liver. The abnormal glycogen storage in the liver, therefore, is 
not due to any influence of the continued epinephrine administra- 
tion. Though some investigators suggest that epinephrine exerts 
a specific effect upon the liver, making this organ build up glyco- 
gen, acting directly upon the liver or indirectly through some other 
endocrine organs, this assumption does not scem to be absolutely 
necessary. Many other toxie substances can behave in a some- 
What comparable manner. A new formation of glycogen from 
the unduly eatabolized protein must be taken into consideration, 
Furthermore, a possibility that the sugar first mobilized by epi- 
nephrine is deposited again after the epinephrine is destroved in 
the organism, cannot be entirely excluded. 

Though some investigators use a combination of fasting and 
epinephrine injection in order to deprive the organism of glycogen, 
such a procedure fails to accomplish the desired end. 


3 
14 
7 
4 > 
{ 
+ 
6? 
4 ya A 
2 
4. 
5 
4 
| 
3 
z 
& 


‘ 


: 
; 
2 
= | 
| 
: 
3 
| 
4 
He 
= 
ae 
& 
. 
| 4 
= 


THE ADRENALS IN RELATION TO CARBOHYDRATE 
METABOLISM. II. 


THE INFLUENCE OF ADRENALECTOMY UPON THE GLYCOGENETIC 
POWER OF THE LIVER. 


By SHIGENOBU KURLYAMA. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, March 7, LOIS.) 


Porges! and Bernstein? reported a lowering of the blood sugar in Addi- 
son's disease. Porges showed also that the blood sugar in adrenalectomized 
dogs falls regularly during the time that the animals survive. The experi- 
ments of Bierry and Malloizel’ accord with these observations. “They found 
that the concentration of sugar in the blood, after extirpation of the ad- 
renals of dogs, fell to one-half or four-fifths of the original amount. Schiro- 
kauert reported that in Addison’s disease hypoglycemia is not always 
observed, and is not an important svmptom. In Frank and Isaae’s rabbit 
experiments, the blood sugar content after adrenalectomy was normal in 
five enses, decreased in two cases. They concluded that adrenalectomy 
does not necessarily bring about hypoglycemia. They argued that hypo- 
giveemin found in adrenalectomized dogs, which were already in dving 
condition, could not be accepted in drawing conclusions. In Nishi’s 
rabbit experiment,® the blood sugar content after adrenalectomy remained 
within the physiological variation. rouin? performed pancreatectomy 
in dogs, from which one adrenal and two-thirds of the other had previously 
been removed, and found that the intensity of glycosuria was less than in 
those from which the panereas slone had been removed. Vhough Maver? 
found that hyperglycemia or glycosuria of depancreatized aniinals was 
sometimes decreased by removal of the adrenals, the rapid death of the 
animals atter the removal of the adrenals did not allow him to draw anv 


Porges, O., Z. klin. Med., 1909, Ixix, 541. 

Bernstein, Berl. klin. Woeh., xiviii, 1794. 

Bierryv, H., and Malloizel, L., Compt. rend. Soe. biol., 1908, Ixv, 232. 
*Schirokauer, H., Berl. klin. Woeh., 1911, 1505. 

‘Frank, E.. and Isaac, S., Z. erp. Path. u. Therap., 1910, vir, 326. 

© Nishi, M.. Arch. exp. Path. u. Pharm., 1909, Ixi, 186. 

7 Frouin, A., Compt. rend. Soc. brol., 1908, Ixiv, 216. 

> Mayer, A., Compt. rend. Soc. biol., 1908, Ixiv, 219. 
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positive conclusion. Mackenzie’ also reported that the blood sugar content 
of depancreatized animals can be decreased by the removal of the adrenals. 
“chwarz,!° using rats, determined the glycogen content of the liver after 
both adrenals had been extirpated and found that after bread feeding the 
liver of these amtinals contained very little or no glycogen. An addition of 
levulose, starch, or animo-acids to the bread diet failed to induce a glycogen 
storage in the liver. Only when glucose or sucrose was added was a con- 
siderable amount of liver glycogen found. He concluded that the dis- 
nppenrance of the liver glycogen in his rats was not due to the marasmus, 
but was a specific deficiency phenomenon after the removal of the adrenals. 
The decrease of the liver glycogen after removal of both adrenals of dogs 
was also reported by Porges.'!) Tis animals were killed from 4 to 9 hours 
after the adrenalectomy. Wkahn and Starkenstein'? reported that they 
confirmed Schwarz’s statement. In their two experiments, one adrenal- 
ectomized albino rat contained no liver glycogen, but the glycogen con- 
tent of the liver of the other operated rat was as high as 2.58 per cent. 
Thoughin his controlrat the giveogen content of the liver was 17.7 per cent, 
this percentage must be considered as unusually high in comparison to 
Schwarz’s control animals. The glycogen content of Schwarz’s normal 
rats was from 2.44 to 5.07 per cent. Kahn and Starkenstein found also 
that in rabbits the glycogen storage of the liver remains normal after 
removal of both adrenals. Confirming Porges’ statement,'! they observed 
further that in a dog the liver glycogen disappeared after adrenalect- 
omy; they attributed this, however, to the serious operation, After 
administration of large quantities of glucose intravenously or by the 
alimentary tract to adrenalectomized dogs, Mackenzie® found that little 
or no glycogen was demonstrable in the liver cells when stained by Best's 
method. He considers that epinephrine performs a double function, as 
far as glycogen metabolism is concerned; namely, it is necessary for gly- 
cogenesis, and when present in excess, it stimulates glveogenolyvsis. As to 
the faet that epinephrine injection into fasted animals causes a glycogen 
storage in the liver, a discussion will be found in the preceding paper." 


In regard to the question whether the adrenal or epinephrine 
really has a specifie effect upon the glycogenesis of the liver, I 
have repeated Schwarz’s experiments. 


* Mackenzie, G. M., Arch. Int. Wed., 1917, xix, 593. 
'o Schwarz, O., Areh. ges. Physiol., 1910, exxxiv, 259. 
1! Porges, Z. klin. Med., 1910. Ixx, 243. 
Kahn, R. H., and Starkenstein, Arch. ges. Physiol., 1911, exxxix, 
IS]. 
8 Kurivama, S., J. Biol: Chem., xxxiv, 269. 
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Methods. 


Medium sized albino rats, both male and female, were used. 
Adrenalectomy was performed at two different times, the interval 
between the two operations varying from about 2 to 7 weeks. Ow- 
ing to the anatomical position, adrenalectomy is very easy in rats. 
ether was used as an anesthetic. Through a small cut in the side 
below the costal areh, the adrenal was removed transperitoneally. 
The glands were always extirpated, together with some surround- 
Ing tissues, without disintegrating them. The animals recovered 
from the operation very quickly. After the second adrenalec- 
tomy, the animals gradually became weak, ate less, lost in body 
weight, and, if not used for further experiments, usually died in 
from 7 to 15 days, autopsy showing no sign of infection. lor 
studying the glyeogenetie function of the liver, it was very de- 
sirable to deprive the animal as far as possible of the previously 
existing glycogen. The weakness of the animals, however, 
prevented me from carrying through this procedure too strenu- 
ously. In some experiments a few days of fasting were inserted 
before feeding them on the desired food. As food after the second 
adrenalectomy, various substances were used, alone or in different 
combinations. The food was usually not made in the form of 
paste. 1O gm. of the desired food were put in the cage every 
dav. When a small amount of it had been scattered by the ani- 
mals, as much of the residue as possible was collected in estimating 
the amount of food eaten. On the last experimental day, the food 
was given so that it would be eaten within 12 hours before glyco- 
gen determination. The food, designated as dog biscuit-lard-diet, 
consists of 30 parts of lard and 70 parts of dog biscuit. At the end of 
the feeding period, the animals were killed by deeapitation and 
the liver glycogen was determined by Pfliiger’s method. 10 ec. of 
60 per cent potassium hydroxide solution were first kept ina 
stenm bath. The liver, cut in pieces, was thrown into the hot 
alkali solution together with a certain volume of water, which 
corresponded to the difference of the liver weight and 10 gm. 
The glycogen finally obtained was hydrolyzed with hydrochloric 
acid and the sugar thus produced was first determined by Alfihn’s 
gravimetric method, but later the Pavy-Kumagawa-Suto method 


was employed. As controls the liver glyeogen of the rats from 
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which only one adrenal had been removed was estimated. Desir- 
ing to find out whether the often reported hypoglycemia in adren- 
aleetomized animals ean be observed in rats, the blood in some 
‘ases Was collected at the time of bleeding, and analyzed for the 
sugar content. The Lewis-Benedict method was used. The 
results are detailed in Tables I and IT. 

From these tables, it will be seen that the liver of the rats, 
from which both adrenals had been removed, did not alwavs show 
a marked decrease of the liver glycogen. Most of the animals 
which showed the complete loss or a marked decrease of the liver 
elyeogen were those which had taken no food or a relatively small 
amount. If these results are compared with the data concerning 
the glycogenetic power of fasted rats or those from which one 
adrenal only had been removed, many of the rats without both 
adrenals show some difficulty in storing glycogen after taking a cer- 
tain amount of food which wouid otherwise be enough to induce a 
marked glycogen storage. Among the food substances which were 
given after the second adrenalectomy, sucrose was the most effec- 
tive instoring the liver glvcogen. Many other food substances, in- 
eluding mono-, di-, and polysaccharides, and protein, used alone or 
in various combinations, however, could also induce a storage of a 
considerable amount of the liver glyvcoger. Schwarz!’ argues that 
glucose only ean be used in forming glycogen. This does not accord 
with my results. Schwarz reported that in fifteen rats which were 
fed on Semmel after the second adrenalectomy and killed in trom 
3 to 36 days, only one bore traces of the liver glycogen and all the 
others showed none. The amount of the food taken is not stated. 
Some other adrenalectomized rats, however, which were not used 
for glycogen determination, were able to gain in body weight. 
The amount of levulose, starch, and amino-acids, used by him, 
seems to be too small for such investigations. He stated that his 
animals were not as lively as before the operation. A probable 
decrease of the activity of the alimentary tract due to the general 
weakness must be taken into consideration. As his adrenal- 
ectomized rats fed on Semmel diet could live for a long time, the 
amount of food was probably not verv small. According to him, 
In sucrose feeding the glucose component only was used for 


Kurivama, J. Biol. Chem., LOIS, xxxiti, 197. 
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glycogen formation; on the other hand, in Semmel diet, the chief 
constituent, starch, which can produce glucose after digestion, 
could not be used for glycogen formation. Though the compo- 
sition of the Semmel used by him is not stated, the bread usually 
contains a small amount of sugar. According to Konig,” various 
kinds of bread, manufactured in different places, contained sugar 
in proportion of 2, 3, 4, or much more percent. In examining 
the extracts of a few samples of table bread and rolls, I also found 
a strong reducing power. Contrary to Sechwarz’'s statement, in 
Mackenzie's experiment’ even glucose failed to form glycogen in 
the liver of an adrenalectomized dog. The details of his experi- 
ments, including the general conditions of the animals, however, 
are not stated in his preliminary report. 

At any rate, In my experiments, no evidence which positively 
indicates any specific influence of adrenalectomy upon the gly- 
eogenetic power of the liver could be obtained. The emaciated 
condition of the adrenalectomized rats seems to be sufficient in 
explaining some difficulty in storing the liver glycogen. 

The blood sugar content of the adrenalectomized rats varied 
hetween 0.12 to 0.08 per cent (Table 1, Group D). On an average, 
it was a little lower than that of the control animals (Table ID), 
still remaining within the physiological variation, however. 
These results are in harmony with those of Frank and Isaae and 


Nishi. 
SUMMARY. 


The adrenals of medium sized albino rats were removed at two 
different times and after the second adrenalectomy, the animals 
were fed on various kinds of food. The liver of these animals con- 
tained a considerable amount of glycogen if the amount of food 
taken was of a sufficient quantity. In comparing with the data 
concerning the gly cogenetic power of the fasted rats, or those from 
which one adrenal only had been removed, many of the rats with- 
out both adrenals showed some difficulty in storing glycogen after 
taking a certain amount of food which would otherwise be enough 
to induce a marked glycogen storage. The emaciated condition 


‘6 Konig, J., Chem. menschl. Nahrungs- u. Genussmittel, Berlin, 4th 
edition, 1903, i, 671: 1994, ii, S78. 
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of the adrenalectomized rats seems to be a sufficient reason for 
explaining this difficulty. Among the food substances which 
were given after the second adrenalectomy, sucrose was the most 
effective in storing liver glycogen. Many other food substances, 
including mono-, di-, and polysaccharides and protein, used alone 
or in various combinations, however, could also induce a storage 
of a considerable amount of the liver glycogen. In my experi- 
ments, therefore, no evidence which positively indicates any 
specific influence of adrenalectomy upon the glycogenetie power 
of the liver could be obtained. As far as coneerns the glyeogen 
stornge of the liver, the rat acts about the same as the rabbit, 
after adrenalectomy. 

The blood sugar content of the adrenalectomized rats was, 
on the average, a little lower than that of the control animats, 
still remaining within the physiological variation. This is in 
harmony with the rabbit experiments by Frank and Isase and 
Nishi. 


> 
4 
* 
% 
§ 
Fa 
q 
x) 
ery 
: 
vy, 
in 
+ 
* 
wes 
a = 
+ 
é 


z 


« 


| 
at 
ate 
Si 
i 
a 
Th 
‘ 

| 

t 
=| 

a 
| 

4 

S ta 

Ne 
ee 


THE ADRENALS IN RELATION TO CARBOHYDRATE 
METABOLISM. III. 


THE EPINEPHRINE CONTENT OF THE ADRENALS IN VARIOUS 
“EXPERIMENTAL CONDITIONS. 


By SHIGENOBU KURIYAMA. 


(From the Sheflield Laboratory of Physiological Chemistry, Yale University, 
| New Haven.) 


(Received for publication, March 12, 1918.) 


Since the discovery that epinephrine injection induces a marked hyper- 
glycemia and glycosuria, many forms of hyperglycemia and glycosuria, 
produced in certain diseases or experimental conditions, have been reported 
to be due to an excess of epinephrine in the organism.! For example, 
hyperglycemia and glycosuria after piqire, in caffeine, morphine, stryeh- 
nine, chloroform, urethane, or carbon monoxide intoxication, as a result 
of asphyxia, after injection of saline solution, after irritation of sensory 
nerves, the so called emotional glycosuria, and that invoked by cold, 
at times have all been explained in this manner. In some of these 
examples, however, many investigators dispute the alleged relationship of 
epinephrine. 

Changes in the medulla of the adrenals have been reported in various 
experimental conditions. Thus Kahn? found a decrease of the epinephrine 
content of the adrenals, estimated both by the chromaffin reaction and the 
vasoconstrictive effect, after pigdre. This was confirmed by Quinquaud.°* 
Jarisch,* however, claims that piqire does not cause any demonstreble 
histological changes in the medulla of the adrenals, and that a decrease of 
the chromaffin substance of one adrenal, found after the removal of the 
companion gland and piqire is due only to the serious operation. Starken- 
stein’ reported that in CO poisoning or asphyxia, the epinephrine content 
of the adrenals is reduced, this change, however, being prevented by sec- 
tion of the splanchnic nerve. His findings are not in harmony with Stewart 


‘References cited by Bang, I., Der Blutzucker, Wiesbaden, 1913, S4. 
Bayer, G., Ergebn. allg. Path., 1911, xiv, pt. 2, 1 

* Kahn, R. H., Arch. ges. Physiol., 1911, exl, 209. 

§Quinquaud, A., Collége de France, Paris, 1918-15, iil. 

4 Jarisch, A., Z. exp. Path. u. Therap., 1913, xiii, 520. 

* Starkenstein, E., Z. erp. Path. u. Therap., 1911, x, 78. 
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and Rogoff’s experiments. Schur and Wiesel? and Ingier and Schmorl$ 
observed that narcosis causes the adrenals to lose their epinephrine store, 
either partly or entirely. Shiota,® Kahn,!® and Borberg" failed to confirm 
this. Biedl'? reported that the amounts of chromaffin and vasoconstric- 
tive substance in the adrenals do not always run parallel. For example, 
the adrenals which showed a marked decrease of the chromaffin substance, 
still had an almost unchanged vasoconstrictive effect. A similar diver- 
gence between the chromaffin reaction and Comessatti’s reaction was 
reported by Ingier and Schmorl.® Battelli and Boatta' observed a marked 
decrease of the epinephrine content of the adrenals after strenuous muscle 
work. This was confirmed by Schur and Wiesel,'* but not by NKahn.'® 
In Schur and Wiesel’s experiments, notwithstanding a decrease of the 
epinephrine content of the adrenals, no glycosuria was observed. They 
attributed this to a deficient glycogen storage. Hyperemia and degenera- 
tive changes of the adrenals in various infections or intoxications with 
bacterial toxins are well known. Luksch'*'® reported that the adrenals 


lost the vasoconstrictive substance, either partly or entirely, in diphtheria 


intoxication or by infection with tubercle or staphylococcus bacilli. In 
diphtheria intoxication the vasoconstrictive effect of the adrenal extract 
was lost, notwithstanding the presence or absence of visible changes. His 
experiments show, further, that the adrenals are affected similarly in 
uremia, or phosphorus poisoning; but such is not the case in fasting or 
in fever after heat puncture. Luksch’s findings in diphtheria ‘ntoxica- 
tion were confirmed by Ritchie and Bruce'? and Elliott.!8 Est mating the 
epinephrine content of the serum of the blood, taken from the adrenal 
vein, by the frog eve method, Erhmann!® reported that notwithstanding 
marked anatomical changes of the adrenals in diphtheria intoxication, 
there was no diminution in the amount of epinephrine, but rather an 
increase. In morphine intoxication Elliott’ reported that when the 
splanchnic nerve innervating one adrenal had previously been cut, the 
epinephrine content of this adrenal was not decreased as much as that of the 

‘Stewart, G. N., and Rogoff, J. M.,/. Pharm. and Rap. Therap., 1917; 
= 

*Sehur, H., and Wiesel, J., Wien. klin. Woeh., 1908, xxi, 247. 

‘Tnwer, A., and Schmorl, G., Deutsch. Arch. kiin. Med., 1911, eiv, 125. 

* Shiota, H., Arch. ges. Physiol., 1909, exxvill, 431. 

© Kahn, Arch. ges. Physiol., 1909, exxvin, 519. 

Borberg, N. C., Shand. Arch. Physiol., 1913, xxviii, 91. 

‘2 Biedl, A., Innere Sekretion, Berlin and Wien, 1910, 230. 

Battelli, F., and Boatta, G. B., Compt. rend. Soc. biol., 1902, liv, 1208. 

'tSchur and Wiesel, Wren. klin. Woch., 1907, xx, 1202. 

'S Lukseh, F., Wien. Alin. Woch., 1905, xvii, 345. 

es Luksech, Berl. klin. Woch., 1909, xlvi, 1979, 

17 Ritchie, J., and Bruce, A. N., Quart. J. Exp. Physiol., 1911, iv, 127. 

18 Elliott, T. R., J. Physiol., 1912, xliv, 374. 
'9 Khrmann, R., Arch. exp. Path. u. Pharm., 1906, iv, 39. 
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companion adrenal. Similar results were obtained also in diphtheria 
intoxication. On the other hand, Stewart and Rogoff?® observed that 
animals which had had one adrenal removed and the splanchnic nerve 
innervating the companion gland cut, could still react with hyperglycemia 
to asphyxia, or ether, without losing the epinephrine storage of the 
remaining adrenal. | 

Hyperglycemia and glycosuria which are reported to be due to an excess 
of epinephrine, sometimes correspond well to the findings of the adrenals; 
for example, in piqdre, asphyxia, poisoning with carbon monoxide, mor- 
phine, or nareoties. Many contradictory reports, however, make 
one hesitate to aecept a necessary relation between hyperglycemia and 
increased secretion of epinephrine, in all these conditions. 


In connection with the studies of the adrenals im relation to 
carbohydrate metabolism, T have made some investigations con- 
cerning the epinephrine content of the adrenals in various expert- 
mental conditions. 


Method of Estimating the Epinephrine Content of the Adrenals. 


Rabbits and albino rats were used. Epinephrine content of 
the adrenals was determined by the Folin-Cannon-Denis method.” 
In rat experiments, the two adrenals were extracted in a 10 ce. 
volumetric flask?’ while in rabbit experiments each gland was 
separately examined and a 25 ce. volumetric flask was used for 
extraction. There seems to be no clear statement whether the 
mode of killing experimental animals has any bearing upon the 
epinephrine content of the adrenals or not. In my experiments, 
the rabbits were made unconscious by a blow on the neck and 
then bled. The rats were killed by bleeding. 


“’ Stewart and Rogoff, Am. J. Phystol., 1917, xliv, 543. 

"Prendelenburg, P.. and Fleischhauer, Z. ges. exp. Med., 1913, 1, 
369, abstr. in Jahrshr. Tierchem., 1914, xliv, 339. Freund, H., and Mar- 
chand, Arch. exp. Path. u. Pharm., 1914, Ixxvi, 324. Wertheimer, E., 
and Battez, Gi., Compt. rend. Soc. brol., 1914, Ixxvi, 617. 

2 Folin, O., Cannon, W. B., and Denis, W., J. Biol. Chem., 1912-13. 
xill, 477. 

Kurivama, S., J. Biel. Chem., xxxin, 207. 
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a Postmortem Change of the Epinephrine Content of the Adrenals. 


. In relation to the fate of epinephrine injected into the organism, a quick 
? oxidative destruction of epinephrine in the tissue, especially in the liver,?4 
; an important rdle of alkali in destroying epinephrine in the blood,’ a pro- 
ate: longation of the vasoconstrictive effect of epinephrine by a simultaneous 
| injection of acid,** and other factors have been reported. As to the post- 
mortem change of the epinephrine content of the adrenals, Kohn and 
Wiesel?’ reported that the chromaffin substanee of the adrenals had already 
disappeared from 12 to 30 hours after death. According to Comessatti,*8 
‘ the epinephrine content of the adrenals decreases in correspondence to the 
postmortem softening of the medulla. Lukseh'* and Ingier and Sehmorl,§ 
a however, could not confirm a rapid disappearance of the ehromaftin sub- 
a stance of the adrenals after death. The latter investigators observed a 
oe strong chromaffin reaction from 48 to 72 hours after death: in the adrenals 
of animals in «a slaughter house even 5 days after death, and also in the 
adrenals whose cortex had already been putrefying. They obtained similar 
results in human adrenals, extirpated and conserved at SC. Dividing 
the ground adrenal into two portions and estimating their epinephrine 
content at different times, they found that epinephrine is destroyed some- 
‘By what on standing, especially if the material isin contact with air. As pre- 
i) liminary experiments, I have carried through some investigations con- 
cerning this problem. 


Method. —The fairly similar content of epinephrine in both 
adrenals of dogs, rabbits, and cats was reported by Battelli and 
Ornstein,?’ Elhott,’ Stewart and Rogoff’) Inmy own experiments 
this has been confirmed as will be seen later. If the epinephrine 
content of one adrenal is determined immediately and that of the 
nf companion gland after a certain length of time and there exists 
a marked difference between these data, this difference can be 


tt attributed to postmortem changes. In my experiments, both 
at adrenals of a normal rabbit, killed by a blow on the neck and bleed- 
‘ ing, were extirpated aseptically. Special care was taken not to 
if 24 Langlois, P., Compt. rend. Soc. biol., 1897, xlix, 524, 571. Athanasiu 
: and Langlois, thid., 575. 
ak 25 Embden, G., and von Firth, O., Bettr. chem. Physiol. u. Path., 19038, 
i iv, 421. 
4 * 26 Kretsehmer, W., Arch. erp. Path. u. Pharmakol., 1907, \vii, 438. 
27 Kohn and Wiesel, cited by Biedl, A., Innere Sekretion, Berlin and 
| Wien, 1910, 230. 
ae 28 Comessatti, G., Arch. exp. Path. u. Pharmakol., 1910, Ixii, 190. 
a 29 Battelli, F., and Ornstein, 8., Compt. rend. Soc. biol., 1906, 1xi, 677. 


39 Stewart and Rogoff, J. Exp. Med., 1916, xxiv, 7C9. 


| 
ic 
| 
at 
aah 
2 
a 
ale 
a 
ag 
| 
i= 
4 
ay 
| 


S. Jvurivama 303 


damage the shape of the gland. After weighing, one was analyzed 
immediately for its epinephrine content; the other being kept for 
24 to 6S hours at room temperature. When it was desired to keep 
the latter in the air, the gland was placed in a sterilized weighing 
bottle (eapacitvy S When an oxvgen-free medium was 
desired, 1t Was kept ina specially devised chamber, from which 
oxygen was absorbed by pyrogallie acid and a 10 per cent sodium 
hvdroxide solution. The outer surface of the alkaline solution 
was covered with a thick laver of mineral oil. This chamber con- 
sisted of one small evlinder (S e¢.) and two beakers (60 and 380 
ec). The evlinder, with some glass wool, was placed in the larger 
beaker and covered with the smaller one. The adrenal was put 
on the glass wool in the evlinder. Before determining the epineph- 
rine content of this gland at the end of a desired length of time, 
the sterility was tested with agar-agar culture media. Folin and 
his coworkers” stated that substances, which are usually con- 
tained in the animal tissues and react to the phosphotungstic 
acid solution with the same color as epinephrine, are negligible 
in the determination of epinephrine in the adrenals, their chemical 
method giving exactly the same value as tested by the physiolog- 
ileal method. Lewis*' reported that though Folin’s method is 
serviceable for the determination of epinephrine in the adrenals, 
it cannot be employed for the adrenals of the fetus, on account 
of the high content of urie acid in the latter. If the adrenal is 
kept for some time, urie acid or some other substances which cdis- 
turb the epinephrine determination may be increased. When the 
salivary gland or the spleen of normal rabbits was manipulated 
the same as for the epinephrine determination of the adrenals by 
Folin’s method, the blue color produced by the phosphotungstic 
acid solution was as strong as if the material contained epineph- 
rine in proportion of 0.1 to 0.15 mg. per gm. of the tissue. The 
intensity of the blue color produced by the phosphotungstie acid 
solution, however, was not materially increased by storing the 
testing materials under experimental conditions employed. The 
results are shown in Table I. 

From this table, it will be seen that the epinephrine content 
of the adrenals extirpated without damaging their form and 


3 Lewis, J. H., J. Biol. Chem., 1916, xxiv, 249. 
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kept in air at room temperature, is markedly decreased in the 
course of a few days. When the gland was kept in the oxygen- 
free medium, no such decrease was observed. The diversity of 
the results of the previous investigators, therefore, is probably 
due to the difference in the methods of keeping the glands. In 
the following experiments, the epinephrine content of the adrenals 
was determined as quickly as possible, with a minimum exposure 
to the air. 


epinephrine Content of the Adrenals after Subcutaneous Injection 
of Kpinephrine., 


Caussade® observed the hypertrophy of the adrenals after injecting 
adrenal extract repeatedly for 1 to 4 months. Vincent*® could not con- 
firm this. Elliott'?:*! noticed that epinephrine injection does not change 
the epinephrine content of the adrenals. The decreased content in his 
experiments was considered to be due only to anesthesia. Injecting 
epinephrine intravenously or intraperitoneally, Borberg!! found that the 
chromatin substance of the adrenals was sometimes decreased, sometimes 
of normal content, and argued that the chromaffin substanee of the adrenals 
is not directly affected by the intravenous injection of epinephrine. 


The epinephrine secretion of the adrenals is controlled by the 
sympathetic nerve, and epinephrine stimulates the svmpathetic 
nerve system. In order to obtain more data concerning the 
influence of epinephrine upon the adrenals, determination has 
been made of the epinephrine content of the adrenals of rabbits 
after daily epinephrine injection for a considerable length of time 
and also after an acute intoxication with epinephrine. The 
results are detailed in Tables IT and III. Rabbits I to VIT in 
Table Il are the same aninals used in Paper I (Rabbits I to V 
Table and Rabbits Il and III] in Table All the 
animals which were submitted to daily repetition of epinephrine 
injection (Table IL) were fasted for 8S to 14 days before they were 
killed for determination of the epinephrine content of the adren- 
als. As to the influence of fasting upon the epinephrine content 
of the adrenals, Luksch’® reported that fasting did not affeet 


32 Caussade, G., Compt. rend. Soc. biol., 1896, xlvili, 67. 
Vineent, S., J. Physiol., 1S97-98, xxii, 111. 
Elliott, J. Phusiol., 1904-05, xxxi, 401. 

* Kurivama, J. Biol. Chem., 1918, xxxiv, 269. 
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the vasoconstrietive substance of the adrenals. Studying the 
adrenals of fasted animals histologically, Borberg"! observed some 
decrease of the chromafiin substance. In order to note the effect 
of fasting itself, therefore, I examined also the epinephrine content 
of the adrenals of fasted rabbits. The results will be seen in 
Table IV. Rabbits Ito V in this table are the same animals 
used in Paper I (Rabbits JT to V in Tables II, ITI, and IV*), 

From these tables, it will be seen that neither the weight nor the 
epinephrine content of the adrenals was materially changed by 
subcutaneous injection of epinephrine. 


Lpinephrine Content of the Adrenals and the Sugar Content of 
the Blood after Subcutaneous Injection of Diphtheria Toxin. 


elhott!® reported that in diphtheria intoxication epinephrine of the 
adrenals is liberated mostly through the stimulation passing the splanchnie 
nerve, and the direct effect of the toxin is very slight. He considers that 
this is an effort made by the animal to combat the fall of the blood pressure 
and other changes due to the action of the poison elsewhere. His results 
in diphtheria intoxication are quite similar to those in morphine intoxica- 
tion. A marked depletion of the epinephrine store of innervated adrenals 
as compared with the denervated companion gland in rabbits whose death 
was due to various kinds of infection was also reported by Stewart and 
Rogoff.°® Determining the epinephrine content of the blood taken from 
the adrenal veins during conditions of low blood pressure and shock, 
Bedford®® observed that increased quantities of epinephrine were forced 
into the blood, and explained this as a result of hyperactivity of the adrenal. 
In his experiments there is no statement as to whether these increased 
quantities of epinephrine were enough to induce any hyperglycemia. 
Studying the histological changes of the adrenals in diphtheria intoxica- 
tion, Bogomolez** reported that the cortex showed marked degenerative 
changes, while the medulla showed little or no such alterations, and also 
that both the cortex and medulla indicated an increased secretory activity. 
His findings seem to be in harmony with the report of Elliott.'§ 


If the hyperglycemia after administration of morphine or other 
toxic substances is really due to an exeess of epinephrine, and the 
decreased epinephrine content of the adrenals found in these 
‘ases indicates a hypersecretion of epinephrine, and furthermore, 
if the decreased epinephrine content of the adrenals in diphtheria 
intoxication is not, for the most part, due to the toxic effect upon 


36 Bedford, E. A., Am. J. Physiol., 1917, xlin, 235. 
37 Bogomolez, A., Beitr. path. Anat. u. al!g. Path., 1905, xxxviii, 510. 
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the epinephrine-secreting cells, a diminution of epinephrine in the 
adrenals may run parallel with hyperglycemia in diphtheria 
Intoxication, as well as after administration of morphine or other 
substances. No report concerning the hyperglycemia in  diph- 
theria intoxication could be found in the literature available. 
In many infectious diseases with fever, hyperglycemia has been 
observed. Asphyxia is sometimes considered to be its cause. 
Ina tew experiments, [have examined the blood sugar content and 
the epinephrine content of the adrenals in diphtheria intoxication 
Diphtheria toxin (Mulford Company, M.u.p.= 0.005 ee.) was 
injected subcutaneously into well nourished rabbits. The sugar 
content of the blood, obtained from an ear vein, was determined 
by the Lewis-Benedict method. Body temperature was meas- 
ured in the vagina. In all the cases hemorrhagie edema at the 
site of the injection and hyperemia of the adrenals were observed. 
The results are shown in Table V. 

From this table it will be seen that with the exception of one 
ease, the epinephrine content of the adrenals was markedly 
decrensed in diphtheria intoxication. In none of the eases, 
however, was hyperglycemia observed. These results, of course, 
do not exclude the possibility of an increase in quantity of epineph- 
rine pouring into the circulation. An excess of epinephrine might 
not be large enough to induce hyperglycemia. At any rate, we 
are able to say that a decreased epinephrine content of the adrenals 
is not necessarily accompanied by hyperglycemia. This accords 
with Schur and Wiesel’s findings’ in strenuous muscle work. 
Deficient glycogen storage is not a sufficient explanation, as 
epinephrine can cause a marked hyperglycemia even ino fasted 

In connection with studies in diphtheria imtoxtieation, T also 
determined the epimephrine content of the adrenals of rabbits, 
poisoned with guanidine hydrochloride. The poisoned animals 
were obtaimed from Dr. C. K. Watanabe. The results are sum- 
marized in Table VI. 

From this table, it will be seen that the epinephrine content of 
the adrenals was sometimes decreased, sometimes normal. 
All the animals were submitted to frequent bleeding and were 
usually moribund when used tor estimating the epmephrine content 
of the adrenals. According to Bedford, the low blood pressure 
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after bleeding ean induce an increased liberation of epinephrine 
from the adrenals. In the present experiments, therefore, no 
clearstatement can be made as to whether guanidine hydrochloride 
itself, or the manipulations made for other experimental purposes, 
saused a diminution of the epinephrine content of the adrenals. 


Change of Weight and Epinephrine Content of the Adrenal after 
Removal of the Companion Gland. 


Extirpating the left adrenal from young rabbits and examining the com- 
panion gland several months later, Stilling®’ noticed an abnormal increase 
in the size of the latter. This was also confirmed by Simmonds* in rapbit 
and guinea pig experiments. Wiesel*#® reported that in rats, accessory 
adrenals, showing structure similar to the cortex of the adrenals, were 
found in 50 per cent of the cases examined, and these accessory adrenals 
showed a compensatory hypertrophy after removal of one adrenal. In 
case of hypertrophy of the adrenal, participation of the cortex seems to he 
generally accepted. As to the hypertrophy of the medulla, opinions of the 
investigators vary. Elliott and Tuckett.*! Stoerk and von Haberer® accept 
hypertrophy of the adrenal medulla under certain conditions. Vassale* 
and Borberg,'! however, contest this. As to the epinephrine content of 
the adrenal after removal of the fellow gland, Battelli and Ornstein*® 
found no increase, but rather a decrease. In similar experiments with 
guinea pigs, Borberg!! could not find any sign indicating hypertroy hy or 
hvpersecretion of the medulla of the remaining adrenal. In rabbit experi- 
ments, however, Stewart and Rogoff®® found some incrense of the epiney h- 
rine content of the remaining adrenal. 


Many conditions which modify the carbohydrate metabolism 
are considered to become effective through an intermediation of 
the adrenals. Cramei* attributed the decrease of the glyco- 
gen content of the liver of thyroid fed animals to hypersecretion 
of the adrenals, and on the other hand, Herring® reported an 
Increase of the weight and epinephrine content of the adrenals 


88 Stilling, H., Virchows Arch. path. Anat., 1889, exviii, 569. 

°*? Simmonds, M., Virchows Arch. path. Anat., 1898, cliii, 138. 

Wiesel, J., Centralbl. Phuysiol., 1898, xii, 780. 

Elliott. T. R., and Tuckett, I., J. Physiol... 1906, xxxiv. 332. 

* Stoerk, O., and von Haberer, H., Arch. mik. Anat., 1908, Ixxii, 481. 

Vassale, Arch. ital. Brol., 1905, xliit, cited by Vineent, 8., Internal 
Secretion and the Duetless Glands, New York and London, 1912, 151. 

Cramer, W., J. Phystol., 1916-16, 1, p. xxxviii. 

* Herring, P. T., Quart. J. Exp. Physiol., 1916, ix, 391; 1917, xi, 47. 
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after thyroid feeding. The latter statement, however, could not 
be confirmed in my previous experiments.*? Among the factors 
which induce the hyperactivity of the adrenal, the removal of 
one adrenal is probably one of the most effective. In order to 
see how the adrenals react to the demand for hyperactivity, I 
made some investigations as to the changes of the weight and 
epinephrine content of the adrenal after removal of the com- 
panion gland. 

Method.— Two albino rats of the same sex and nearly the same 
body weight were paired off into one set. The right adrenal was 
removed from one rat under ether; the left one from the other. 
The operative technique was the same as described in the preceding 
paper.” It took about 5 minutes from the beginning of ether 
administration to the removal of the gland. The weight and 
epinephrine content of the two extirpated adrenals were determined 
together. After a certain interval, the animals were killed by 
bleeding and the remaming adrenals were examined for their 
weight and epinephrine content. As many investigators reported 
that even a prolonged ether anesthesia did not cause any marked 
depletion of the epinephrine content of the adrenals, the changes 
due to the very short duration of ether anesthesia in my rats 
seem to have been very slight, if existing at all. The results are 
shown in Table VII. 

From these data it will be seen that notwithstanding a widely 
ranging individual variation of the weight of the adrenals, the 
removal of one adrenal caused a marked increase in the weight 
of the companion gland, especially in the female, much more than 
could be due to an increase of the body weight. The absolute 
epinephrine content of the adrenals was also increased by removal 
of the companion glands; this increase, however, being nvuch less in 
proportion to that of the weight of the glands. The epinephrine 
content of the adrenal, calculated per gm. of the gland, however, 
was decrensed by extirpation of the companion gland. These 
data show an interesting contrast to my previous results on the 
thyroid fed rats, where neither the weight nor the epinephrine 
content of the adrenals differed from those of the normal rats.” 
After removal of one adrenal, the medulla as well as the cortex 


‘6 Kuriyama, J. Biol, Chem., 1918, xxxiv, 287. 
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of the remaining adrenal may show a marked hypertrophy, but 
owing to an increased-demand for epinephrine, its content in the 
medulla, in proportion to the weight of the latter, may be less than 
that im the normal adrenal medulla. Judging from the state- 
ments,of many investigators, however, the adrenal medulla seems 
to be less likely to show hypertrophy than the cortex. The 
marked increase of the weight of the adrenal after removal of the 
companion gland in my experimental animals, is presumably 
mostly due to the increase of the size of the cortex, the medulla 
having much less participation. This may well explain a decrease 
of the epmephrine content of the enlarged adrenals, calculated 
per gm. of the gland. Generally it is not so easy to determine 
whether the seeretory activity of the adrenal medulla is increased 
or not, merely from the epinephrine content of the adrenals, 
Some changes in the cortex must be taken into consideration. 
Furthermore, it is very probable that under certain eonditions 
hyperactivity of the adrenal medulla can be accompanied by either 
an increased or a decreased storage of epinephrine. 


SUMMARY. 


The epinephrine content of the adrenals, extirpated without 
damage to their form and kept aseptically at room temperature 
and in air, decreases markedly within a few days. If the glands 
are kept in oxygen-free medium, the other conditions being the 
same, they do not lose their epinephrine store to any detectable 
degree. 

The epinephrine content of the adrenals of rabbits is not mate- 
rially changed by prolonged fasting. 

The epinephrine content of the adrenals of rabbits is not mate- 
rially changed either by acute epinephrine intoxication or by daily 
repetition of subcutaneous injection of epinephrine for a con- 
siderable length of time. 

In diphtheria intoxication, the epinephrine content of the 
adrenals was usually decreased. The blood sugar content, 
however, was never increased. Parallelism of hyperglycemia 
and a decrease of the epinephrine content of the adrenals, reported 
by some investigators In asphyxia, peqdre, morphine, or carbon 
monoxide intoxication, could not be observed in’ diphtheria 
intoxication. 
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Notwithstanding a wide individual variation of the weight of 
the adrenals, the removal of one adrenal caused a marked increase 
in the weight of the companion gland, especially in the female, 
much more than could be due to an increase of the body weight. 
The absolute epinephrine content of the adrenals was also increased 
by removal of the companion gland; this increase, however, being 
proportionally much less than that of the weight of the glands. 
The epinephrine content of the adrenals, ealeculated per gm. of 
the gland, however, was decreased by extirpation of the companion 
gland. 

It is difficult to state merely from the epinephrine content of 
the adrenals whether or not the secretory aetivity of the adrenal 
medulla is increased. Changes in the cortex and a possibility that 
under certain conditions hyperactivity of the adrenal medulla 
‘an be accompanied by either an increased or a decreased storage 
of epinephrine, must be taken into consideration, 


The author desires to express Ins thanks to Professor Frank 
P. Underhill for his suggestions and interest throughout the course 
of this and the two preceding papers. 
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THE PHYSIOLOGICAL BEHAVIOR OF RAFFINOSE. II. 
By SHIGENOBU KURIYAMA. 


(Prom the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Reeeived for publication, March 16, 1918.) 


Raffinose is widely distributed in the vegetable kingdom. It 
has been demonstrated in cotton seeds (1, 2,3, 4), barley grains (5), 
wheat sprouts (6,7), eucalyptus manna (3,8), leaves and twigs 
of Tarus baceata(9), sugar beet (10,11,12), seeds of some legum- 
inous plants (/rythrina fusca, Entada scandens) (13), and seeds of 
jute plants( 14). The special enzyme splitting this trisaccharide 
has never been demonstrated in the alimentary tract of higher 
animals.  Inanearler paper, Kurtyama and Mendel (15) observed 
that notwithstanding the absence of raffinase in the walls of the 
wlimentary tract and glands discharging into it, raffinose can 
easily be split in the large intestine of rats and dogs. This was 
attributed mostly to bacterial action. In order to obtain further 
data concerning the physiological behavior of raffinose, I have 
made some experiments as to the raffinose-splitting power of 
extracts of feces, the presence of raffinase in some kinds of seeds, 
the fate of raffinase taken by mouth, and in a preliminary way 
regarding some properties of raffinase. 


Some Properties of Raffinase, Compared with Those of Sucrase. 


Inzymes which are active only with their coenzymes, can be 
made inactive very easily by removing the coenzymes by either 
dialysis or filtration through a porous clay filter. According to 
Onodera(16), the urease of soy bean loses its activity after dialysis. 
Umeda(17) reported that Rosenheim’s coenzyme of pancreatic 
lipase could easily be separated by filtration through a Pukall 
porous clay filter. In my present experiments it was often neces- 
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sury to use dialysis or filtration through a elay filter in extracting 
the enzyme from feces or seeds. Destruction of enyzmes by heat- 
Ing is greatly modified by the charaeter of the medium. An 
enzyme ina somewhat purified condition is more easily destroved 
by heat. Tf the amount of the enzyme contained in the original 
materialis very small, the enzyme extracted therefrom and placed 
In amore simple environment may be very easily destroyed even 
at the temperature usually employed for purposes of digestion, 
while the same amount of the enzyme might be well protected 
from destruction by heat and exert a strong activity in the original 
medium. As preliminary expernnents, therefore, have exame- 
ined the influenee of sueh manipulations upon the activity of 
veast raffinase., 
TABLE 
Influence of Filtration through a Pukall Filter upon the Activity of Raflinase 
and Sucrase in the Same Preparation. 


Inversion of raflinose. — Inversion of sucrose. 
Rotation. Reduction.’ Rotation. Reduction. 


Not filtered | 24 -+4 | +44 
+2.41 | 43) +++ 
Not filtered 
Filtered, I 
Boiled | 70 | 


Asolution of yeast raffinase was prepared from compressed veast 
(Fleischmann’s) asdeseribed in the first paper(15).) It was neutral 
to litmus and contained 50 mg. of nitrogen per 100 ce. It showed 
a positive biuret reaction, but negative Fehling’s test. As this 
enzyme solution contained both raffinase and sucrase, the influence 
of the experimental manipulations upon sucrase was also studied 
for Comparison. 

Influence of Filtration Through a Clay Filter.—The enzyme 
solution was filtered through a Pukall porous elay filter. Filtrates 
were obtamed from two different filters. For testing the enzy- 
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matic activity of the solution, the mixture was made as follows: 
3 ce. of 5 per cent raffinose (or 3 ec. of LO per cent sucrose) + 
5 ec. of enzyme solution + 10 drops of toluene. All the mixtures 
were incubated in stoppered bottles at 38°C. At the end of 2 
hours, 1 ec. of 38 per cent HgCle solution, 14 ee. of water, and 1 ee. 
of colloidal iron solution were added. The protein-free filtrate 
was examined polariscopically ina 2 dm. tube. The results are 
shown in Table I, from which it will be seen that the filtration of 
the solution containing both raffinase and suerase through a clay 
filter induces little or no decrease in enzymatic activity. 
Influence of Dialysis.--In preparing the original enzyme solu- 
tion, it was subjected once to dialysis through parchment paper 
to make it neutral and free from reducing substances. To ascer- 


TABLE If. 
Influence of Dialysis upon the Activity of Raffinase and Sucrase in the 
Same Preparation. 


Inversion of raflinose. =Inversion of sucrose. 
Linzvime. 


| 
Dialvzed (parchment paper), 1 +2. 62 —(.20 
Dialvzed (animal membrane), +2.55 —0.30: 


tain whether further dialysis can alter the activity of the ratiinase 
and sucrase, the following experiments were made: LO ec. of the 
enzyine solution mixed with toluene were put in a sack of either 
parchment paper or an amimal membrane, and immersed in 65 
ec. of distilled water. The dialysis was continued for 3 days, the 
water being changed three times a day. The control sample was 
always kept in the same place. At the end of the dialysis, the 
volume of the enzyme solution was slightly increased. The con- 
trol sample" was therefore diluted in the same proportion. The 
activity of the enzyme solution was estimated as deseribed in the 
previous experiments. The results are shown in Table LI], which 
shows that dialysis did not materially affect the activity of either 
raffinase or suecrase, 
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Influence of Heat.--The enzyme solution, mixed with a small 
amount of toluene and kept in a stoppered bottle, was incubated 
at 38S 40°C., the control sample being kept at room temperature. 
The results of a subsequent test are detailed in Table LIT, which 
shows that a small amount of raffinase ina rather simple medium 
is cusitly destroved at the temperature of 38 40°C. Prolonged 
Incubation is therefore of no advantage in experiments of this 


sort. 


TABLE: U1. 


thie Te rature of Mpon the Activity of Rathnase and 


Sucrase in the Same Preparation 


Inversion of Inversion of 
raffinorse. sucrose. 


heat appleation. 


Rota- Redue- Rota-  Redue- 
tion tion. tion. | tion. 


room temperature for 3 days +++ 


room temperature for 2 days. 


38-40°C. for 2 days....... 


room temperature for 1 day.. $2.20 +4++:-1. 
3840 for 1 day, I. 


room temperature for 20 hrs. 
38-40 for 20 hrs., I. 


Presence of Raflinase in the Feces, 


The presence of raffinase in bacteria, yeasts, and molds has been 
mentioned by many investigators (18, 19, 20, 21). Winslow (22) 
reported that the bacillus of the colon group which can utilize 
the ketonic disaccharide can always utilize the ketonic trisac- 
charide, raffinose, as well. Testing the raffinose-attacking power 
of fourteen strains of Baecrllus coli and two strains of Bacillus acido- 
philus, obtained from the Bacteriological Laboratory of the Yale 
School of Medicine and the Sheffield Laboratory of Bacteriology, 
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I found that none of the strains of Bacillus cole had ability to 
attack raffinose, while both strains of Bacillus acidophilus pos- 
sessed this power. Pringsheim and Zemplén (23) reported that the 
press Juices of various kinds of fungi contained a raffinose-splitting 
enzyme, the carbohydrates being sometimes split into sucrose and 
galactose, at other times into melibiose and fructose. I could 
also demonstrate a considerable amount of raffinase in the com- 
mereinal taka-diastase, which is said to be manufactured from 
Aspergillus oryzae. According to Anderson (24), mnany types of 
veast-like fungi, for the most part such types as are commonly 
present in nature and known as wild yeasts, are found in the intes- 
tinal traet of man. He considers that they are ingested with the 
food. As factors which split raffinose in the alimentary canal, the 
living microorganisms, including bacteria, yeasts, and molds, 
and the enzyme isolated from these organisms, must be taken 
into consideration, The presence of a small amount of raffinase 
in the sterile extract of the feces of dogs and rabbits has been 
reported in an earlier paper (15). Further experiments have 
now been made. 

Methods.—The fresh feces of man, calf, pig, dog, rabbit, and 
guinea pig were ground with water and made to a 10 per cent 
suspension. ‘This was kept at room temperature for 4 to 96 hours, 
and shaken from time to time. ‘Toluene was used asan antiseptic. 
The suspension was later filtered through a Buechner funnel and 
the filtrate then drawn through a sterilized Pukall filter. The 
final clear sterile filtrate, reacting slightly acid to litmus, and 
containing no reducing substance, was tested for its raffinose- 
splitting power. The sterility of the feces extract was tested with 
agar-agar culture media. The digestion mixture was made as 
follows: 10 ce. of feces extract + 3 ec. of 5 per cent raffinose + 
10 drops of toluene. After incubating this mixture for 20 to 40 
hours at 38 -40°C., 15 ce. of water and 2 ec. of colloidal iron 
solution were added. The protein-free filtrate was examined for 
its reducing power by Benedict's test. For control experiments, 
the boiled feces extract was used. If the whole amount of raffi- 
nose is decomposed into melibiose and fructose or into glucose, 
galactose, and fructose, the rotatory power of the testing mate- 
rial decreases respectively to one-half or one-fifth of the original, 
the change of the rotatory power, therefore, being much less than 
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in the ease of sucrose. In the mixture of the feces extract and 
raffinose, the decrease of the rotatory power was usually very 
slight, and sometimes rather uncertain, while the appearance of 
the reducing power clearly indicated the decomposition of a 
certain amount of raffinose. In the present experiments, there- 
fore, estimation of the reducing power only was made. The 
results are shown in Table LV. from whieh it will be seen that the 
sterile extract of the feces usually contamed «a small amount of 
raffinase. Change of the diet. in rabbit experiments, did not alter 
the raffinose-splitting power of the feces extract. 


TABLE IV. 
Raffinose-S plitting Power of the Feces Extract. 


Reduetion. 


Source of material. Food. = 62; 
323 | | Bei 
Ars, hrs 
cent 
Calf I. 4 20 — 


Guinea pig, Group I..........., Oats + | 
cabbage. OLS 4 | 


Gots + 
cabbage. 
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In order to find out whether the feces extract prepared as men- 
tioned above was favorable for the activity of raffinase or not, 
the activity of yeast raffinase was determined in the medium of 
the feees extraet. The extracts were slightly acid. The pro- 
cedure was generally the same as described before, the mixture 
of the enzyme and substrate being incubated for 2 hours. The 
results are detailed in Table V, which shows that the extract of 
the feces of rabbits and guinea pigs markedly decreased the 
activity of veast raffinase. 


TABLE V. 


Influence of Feces Extract upon the Activity of Yeast Raffinase. 


Mixture: raffinose plus Inversion of rathinose. 


Feces extract or water. Rotation. | Reduction. 
Water. +2.10) +++ 
Extract of rabbit feces. | +2.85 
“ guinea pig feces. +3.30 
Boiled enzyme... Water. +3.70 


Presence of Raffinase zn a Few Kinds of Seeds. 


Raffinase has been found in various kinds of plants; in the 
root of the beet, in germinating barley and wheat, and elsewhere 
(25). Bailey demonstrated raffinase in bananas (26). In the pres- 
ent experiments I have examined mung bean (Phaseolus aureus), 
mung bean sprout, cotton seed, and soy bean for the presence of 
raffinase, 

\ethods.—In the case of seeds, the material was first powdered 
and ground with an addition of five times its weight of water and 
a certain amount of sand. The suspension was kept with toluene 
at room temperature for 3 hours, and shaken from time to time. 
It was then filtered on a Buechner funnel, and the filtrate was 
dialyzed for 2 days through parchment. ‘Toluene was used as 
un antiseptic. The precipitate that occurred during dialysis was 
filtered off. The filtrate was neutral and showed neither Fehling’s 
renetion nor a starch reaction with iodine. The procedure for 
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estimating the raffinose-splitting power was the same as deseribed 
before. Duration of incubation was 48 hours. For determina- 
tion of raffinase in mung bean sprouts, the seeds, soaked in water, 
were kept in a sunny place. The sprouts, from 5 to 7 days old, 
were ground together with the same weight of water and a small 
amount of sand. Phe further manipulations were the same as 
in the case of seeds. The results are shown in Table VI, in which 
it will be seen that mung bean, its sprouts, cotton seed, and soy 


hean contained a small amount of raffinase. 


TABLE VI. 
Raffinase in a Few Kinds of Seeds, 


Inversion of rathnose 


. 
Material, Sample No. Original sample. Boiled sample 


Rotation. Reduction. Rotation. teduction. 


| 
+3. 00 | +3.70 | 


] r be: | 
Mung bean 1] 3.40 | 


5 days old 
1] 

old 


7 days old. 


Mung bean sprout. 


% 
j 
4 
er 


I 


Cotton seed. 


Sov bean, 


Fate of Yeast Raflinase in the Alimentary Tract. 


enzymes taken by mouth are usually, for the most part, de- 
stroved in the stomach. If they are well protected by other 
food substances, however, part of them can reach the intestine 
in active condition. Neumayer (27) reported that some kinds 
of yeast can pass through the entire alimentary canal of man 
and animals (rabbits and cats) without entirely losing their fer- 
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menting power. Kudo (28) demonstrated that administration 
of yeast or yeast preparations by mouth somewhat increases the 
fermenting power of the intestinal contents, the maximum being 
reached within a few hours. On feeding various kinds of veast to 
a healthy man, Anderson (24) noticed that the veusts can pass 
through the whole alimentary canal in active condition. Long 
and Hull (29) found that notwithstanding an abundant secretion 
of pepsin and hydrochloric acid, trypsin was not destroyed in the 
stomach, provided sufficient protein was present to bring the con- 
centration of the free acid down to a certain value. In a few 
experiments [have examined whether veast raffinause fed to dogs 
and rabbits can reach the intestine without being entirely de- 
stroved in the stomach. 

Rabbit Rae periments.--10 em. of compressed veast (Fleischmann) 
made as a 20 per cent suspension were given by a stomach sound 
daily to two rabbits for 4 suecessive days. The animals were 
fed on oats, water being given freely. The feces of the 3rd and 
4th experimental davs were collected together and also that of 
the 5th and 6th davs. They were examined for the presence of 
raffinase by the procedure previously deseribed. The raffinose- 
splitting power of the feces of these animals, while taking their 
ordinary food, was also estimated for comparison. The results 
are shown in Table VIL. From the data in this table, it will be 
seen that the raffinose-splitting power of the feces was increased 
by veast feeding. 

Dog Experiments.-~X suspension of compressed veast was given 
by sound into the empty stomach or 20 minutes after meat feeding. 
After veast feeding the secretion of the gastrie Juice was ftacili- 
tated by sham feeding —placing a piece of meat in front of the 
eage. 1 to 2 hours later, the stomach contents were aspirated 
and tested for the total acidity, free hvdroehlorie acid, and the 
raffinose-splitting power. For estimating the latter, the filtrate 
of the stomach contents was first neutralized by a sodium hydrox- 
ide solution. In the final experiment with the same dog, the 
animal was killed 13 hours after veast feeding and the contents 
of the stomach, duodenum, and jejunum were examined. The 
results are shown in Table VILL, A. 

Kaeperiments with Artificial Gastric Juice.—5.0 gm. of com- 
pressed veast were ground together with 50 ce. of an artificial 
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gastric juice (0.2 per cent hydrochloric acid and 0.3 per cent 
scale pepsin) and 20 drops of toluene and incubated at 38°C, 
for | to 4 hours. At the end of the desired length of time, 5 ce. 
of the homogeneous suspension were neutralized with NaOH and 
kept in an ice box. As control experiments, veast suspension in 
the same artificial gastric Juice was immediately neutralized and 
kept inanice box. Asa further control, the veast suspension was 
immediately neutralized and boiled. When the specimen ineu- 
bated for 4 hours was neutralized and ready for further manipu- 
lations, all the specimens, including the control specimens and 


TABLE VII. 


Raftlinose-Splitting Power of the Feces Extract after Yeast Feeding. 


Inversion of rath nose 


Rabbit Solid 


 sub- | 
Date of sample. stance Original sample. Boiled sample. 


Xo Body Redue-| Rota- Redue- 
: weight. tion. | tion. | tion. tion. 


| 
cent 
| 


Oats. $8.4 42.79 + |4+2.93! — 


Oats. Addi- | June 9,10 | 82.0 |4+2.48) ++ 
tion of | | 
yeast,June | “ 11, 12 83.2 42.30 +4 (+2.90 
7-10. | | | 


Cabbage. 


Oats. Addi- June, 10 
tion of 
veast, June 
7-10. 


those kept in the ice box after incubation, were examined together 
for their raffinose-splitting power. The results are shown in Table 
VIII, B. From these data it will be seen that yeast raffinase is, 
for the most part, destroyed by the gastric juice. In suitable 
conditions, however, part of it can reach the intestine in active 
condition. In discussing the raffinose-splitting power in_ the 
intestine the part of the raffinase taken with the food, which 
has eseaped from being destroyed in the stomach, must be taken 
into consideration. 
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TABLE VIII. 


Influence of Gastric Digestion upon Yeast Raflinase, 


A. Experiments with a Dog (9, 7.4 Kq.). 


Food. Compressed veust. gm... 15 15 
Water, ce.. 150 | 250: 250 
Time of aspiration of stomach content after | 


~Raffinose- Original Rotation, 
Stomach | 
content. splitting 


power. Boiled Rotation, 


+1.95 +1.95 +3.65 
sample. Reduction. +++ +++ +++ 
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iV 
250 
Neutral. 


sample.  V.° +3.65 +3.68 +3.70 +3.67 
periment V.-~-Food « Compressed veast, gm... 15 
1) hrs. after feeding. the animal was killed with chloroform. i 
Contents of alimentary tract. ee 
Jejunum 
Stomach. Duodenum. (60 em. from 
beginning). 
Weight of content, 63.8 6.9 
| | Slightly Slightly 
| 4 
Free HCL, 25. 4 
Raffinose- Original Rotation, V. +1 +3.15 | +3.01 
sample. Reduetion.... 4-4 + + | + 
Boiled — Rotation, V. +3.70 +3.68 +3.70 
power. sumple. Reduction... -- 


* The stomach being empty, it was washed with 50 ce. of water. 
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TABLE Vitl—Coneluded. 


B. Experiments with Artificial Gastric Juice. 


Duration of with Experiment I. Experiment 
gustric juice. Rotation. Rotation. 


Control (boiled = en- 
zyme). 


SUMMARY. 


The activity of yeast raffinase is not materially decreased by 
filtration through a clay filter or by dialysis. 

The sterile extract of feces usually contains a small amount of 
raffinase. The extract of feces markedly decreases the activity 
of veast raffinase. 

Mung bean, its sprouts, cotton seed, and soy bean contain a 
small amount of raffinase. 

Yeast raffinase, taken by mouth is, for the most part, destroved 
by the gastric juice. Under suitable conditions, however, part 
of it can reach the intestine in active condition, The raffinose- 
splitting power of the sterile extract of feces can be increased by 
yeast feeding. 

The author desires to express his thanks to Professor Lafayette 
B. Mendel for his suggestions and criticism. 
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BLOOD DEXTROSE AS AFFECTED BY MORPHINE AND 
MORPHINE WITH ETHER ANESTHESIA. 


By ELLISON L. ROSS. 


(From the Department of Pharmacology, Northwestern University Medical 
School, Chicago.) , 


(Received for publication, March 8, 1918.) 


For many years morphine has been used by surgeons introduc- 
tory to other anesthesia. It reduces the excitement stage of 
anesthesia and lessens the amount of ether necessary to maintain 
anesthesia (1). 

The amount of dextrose in the blood is influenced by many 
factors. Allen (2) states that special agencies deseribed as 
increasing the blood sugar are: museular labor, heat, cold, 
hemorrhage, traumatism, nervous or emotional disturbances, drugs 
and infectious and other diseases. Asphyxia is said to cause 
hyperglycemia. It would be difficult to find a factor in the body 
affected by such a variety of agents as the blood sugar. The 
range of variation Is considerable, amounting to the tripling of 
the normal value in many eases (3). Thus the author is inclined 
to consider the measure of the blood dextrose changes a rough 
measure of the shock sustained by a living body as the result of 
the application of various agents to that body. 

The point attacked in this work is whether morphine inereascs 
or decreases the unbalanced physiological condition produced by 
ether anesthesia. The variations in blood dextrose are taken as 
the indicator. 


EXPERIMENTAL. 


Blood dextrose was determined according to the modification 
of the Lewis-Benedict colorimetric method used by Myers and 
Bailey (4). Blood was taken from the external jugular into a 
syringe containing powdered sodium oxalate. Suffieient quan- 
tities were taken to make triplicate determinations. 
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The animals were healthy dogs which had not been prepared 
in any way for the work, except that they were never fed within 
IS hours of the time the experiment began. Three groups of 
dogs were used. 

The first group of animals consisted of eleven dogs and each 
dog was used once. They were bled and immediately given, 
hy podermically, 0.25 cc. of a 4+ per cent solution of morphine per 
kilo of body weight. This amounted to 0.0L gm. of morphine 
sulfate per kilo of body weight, and was used in accordance with 
the dosage as a nareotic for dogs recommended by Sollmann (5). 
Half an hour after giving the morphine the dogs were bled again. 
15 minutes later they were bled. After 45 minutes more the final 
sample was taken. The averages of the determinations made 
in each case are given in Table I. 

The seeond serics of dogs consisted of eight animals and three 
of these were used twice each. These animals were given the same 
dose of morphine as the first set of dogs. Half an hour after 
giving the morphine they were bled, and then immediately 
anesthetized. ether was administered as a vapor driven into a 
cone by an air blast passing through a bottle of ether. This was 
for the purpose of furnishing plenty of oxygen to the animal. 
After the amimal had been under the anesthetic 15 minutes, a 
second sample was taken. 45 minutes later while the animal was 
still anesthetized a final blood sample was taken. The results 
obtained are given in Table IT. 

The third series consisted of ten dogs. They were bled and 
immediately anesthetized. The method of anesthetization was 
the same as in the second group. After 15 minutes of anesthesia 
the seeond blood was taken. Immediately the usual dose of 
morphine was injected. Half an hour later the final sample of 
blood was taken. The results of the analyses are given in Table 


DISCUSSION. 


From Table I it is found that the dextrose content of the blood 
of normal dogs varied from 0.082 to 0.154 per cent. The eleven 
dogs averaged 0.1186 per cent. After morphine had acted half 
an hour, the blood dextrose varied from 0.109 to 0.275 per cent, 


averaging for the eleven dogs 0.1883 per cent. In every case 
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the blood sugar was increased. Calculating from the averages, 
half an hour’s action of morphine inereased the dextrose content 
59 per cent of the original vaiue. 15 minutes later or 45 minutes’ 
action of morphine caused the values to vary from 0.120. to 
0.331 per cent, averaging 0.1966 per cent. Compared with the 
values 15 minutes earlier there were seven increases, two non- 
appreciable drops, and two considerable decreases. Calculating 
from the averages it is found that 45 minutes’ action of morphine 
increased the blood sugar 66 per cent of the original value. After 
morphine had acted an hour and a half, the dextrose of the blood 


TABLE I. 
Effect of Morphine on Blood Sugar. 


| Dextrose. 
Dox. | Weight of | Amount of 
dog. morphine. | Before 4 hr. after ? hr. atter 14 hrs. after 
morphine. | morphine. = morphine. | morphine. 
isg. | gm. percent percent per cent per cent 
1 | 10 | 0.10 | 0.090 | 0.109 | 0.120 0.102 
6 | 0.263 | 0.276 0.247 
7 10 0.10 | 0.127 0.166 0.180 0.206 
0.142 0.184 0.248 
0.209» 0.207 | 0.191 
0.15 0.106 0.146 0.164 | 0.175 
0.1186 | 0.1883 | 0.1966 | 0.2095 


raried from 0.102 to 0.307 per cent, averaging 0.2095 per cent. 
Five of the eleven dogs did not show an increase after the end of 
the first 45 minutes. However, the average value shows an 
increase of 77 per cent of the blood dextrose before morphine. 
From the figures obtained it is clear that morphine brings on a 
pronounced hyperglycemia and the major part is accomplished 
in the first half hour. These results are what would be expected 
in the light of the work done by Luzzatto and Araki. Scott (6) 


states that Luzzatto obtained glycosuria in rabbits and Araki in 
dogs as the result of the administration of morphine. 
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In Table Il the blood sugar is evaluated during the action of 
morphine, before and after ether has been given. After half 
an hour’s action of morphine the blood dextrose varied from 
O.1IS to 0.236, averaging 0.1725 per cent dextrose. In Table I 
the average value after half an hour’s action of morphine was 
O.1SS3 to 0.0157 per cent higher. 15 minutes of ether anesthesia 
increased the hyperglycemia in every case, averaging 0.2046 per 
eent. This increase amounts to 19 per cent of the value before 
ether and after half an hour’s action of morphine. The increase 
due to this 15 minutes’ action of morphine, calculated from the 
data in Table I was 4 per cent of the value after half an hour’s 
action of morphine. Thus it would appear that ether was capable 
of raising the blood sugar 15 per cent in 15 minutes when acting 
with morphine. However, it is interesting to note that the blood 
sugar after 45 minutes’ action of morphine and 15 minutes’ action 
of ether is 0.2046 per cent, while after 45 minutes’ action of mor- 
phine alone it is 0.1966 per cent, only 0.0080 per cent difference 
in favor of the ether. 

After the animals had been under ether 1 hour and still under 
the influence of the morphine, the average dextrose content was 
0.2085 per cent. This is an increase of 21 per cent of the content 
before ether. This increase of 21 per cent is due to the influence 
of 1 hour of ether anesthesia and the last two half hours of an hour 
and a half’s action of morphine. Calculating from the data of 
Table I the influenee during the last hour of an hour and a half’s 
action of morphine alone amounted to 11 per cent of the value 
at the end of the first half hour. This leaves an increase of only 
10 per cent due to the ether itself in the whole 1 hour of ether 
anesthesia. It is interesting to note that with the action of mor- 
phine alone for an hour and a half the glycemia is 0.2095, while 
with the added influence of an hour of ether anesthesia, the 
glycemia is 0.2085—almost identical. 


The data given in Table III give first the blood dextrose of 
ten normal dogs, second the blood sugar after 15 minutes of ether 
anesthesia, and third the same after half an hour’s further action 
of ether anesthesia and the added influence of morphine. The 
rariation of the normal blood sugar in this series of dogs was 
from 0.096 to 0.149 per cent as against 0.082 to 0.154 per cent in 
the series given in Table I. The average in thts series amounted 


i 
iz 
ae 
mie 
; 
2 


IK. L. Ross 339 


to O.L101 per cent, while that of the first series was 0.1186 per 
cent. Calculating the average normal glycemia in the twenty- 
one dogs included in the two series, it is found to amount to 0.1145 
per cent of dextrose. 

The action of 15 minutes of ether anesthesia increased every 
glyeemin. The results varied from 0.132 to 0.277. averaging 
O.17S4 per cent. The increase due to the ether was 62 per cent 
of the normal. 

TABLE II. 


ALE ct of Ether after Morphine on Blood Sugar. 


Dextrose. 


Dhr.after : ether After hr. ether 
morphine. anesthesi:. anesthesia. 
keg, gm. per cent per cent per cent 
10 0 10 145 162 0.176 
l 10 10 Q . 220 250 265 
2 10 0 10 LOS 0.222 Q 213 
2 10 0.10 0 16S 0.212 0.230 
0 OS Q). 224 0.252 Q 244 
10 0 10 165 192 Q 205 
10 0.10 0 140 0 190 229 
0 OS 11S O 157 150 
6 0 09 160 162 
0 OS O 256 265 
S OOS 154 0 206 
Average “4 QO. 1725 QO 2046 1) 2OSS 


The half hour’s action of morphine during the anesthesia and 
following 15 minutes of anesthesia gave glycemias varving from 
0.126 to 0.307, averaging 0.2110 per cent. Seven out of ten 
of the animals increased their amount of blood sugar. The 
average increase for all the animals of the series amounted to 
0.0328 per cent of dextrose, or 18 per cent of the first value. 
Morphine alone in half an hour caused an increase of 0.0697 per 
cent of dextrose, or 59 per cent of the first value. This indicates 
that morphine does not produce such an increase in blood sugar 
when acting with ether as when acting alone. It is interesting to 
note that the final values in the two cases were 0.2110 and 0.2095 


per cent respectively. They compare very closely. 
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It was thought that possibly the amount of blood taken as a 
sample might in itself cause an inerease in blood sugar. Three 
dogs, exactly like those of the three series, were taken and bled 
20 ce., each 15 minutes apart. Their blood sugars at the first and 
second bleedings were O.138, O.174, O.151, and O.188, O.178, 0.145 
respectively. The averages of the first and second bleedings were 
O.1543 and 0.1537. 

The results diseussed are tabulated in Table IY. 

In this table there are three large blood sugar nerenases. They 
are the results of (1) the aetion of morphine alone for half an 


TABLE III. 
Blood Dextrose Affected by Ether Anesthesia and Morphine after Ether 
Anesthesia. 
| Dextrose. 
dog. morphine After 15 min. After 45 min. 
| Before ether. | ether ether and 30 
| anesthesia. min. morphine. 
kg. gm. per cent per cent | per cent 
0. OS4 0.105 | 0.168 | 0.248 
2 15.0 0.130 | 0.250 0.205 
3 0. OS4 0.149 | 0.277 0.307 
0 OS2 0.107 | 0.172 0.148 
11.8 0.113 | 0.205 
10.0 1) 100 0.101 | 0.213 | 0.234 
7 8.2 0 082 om | 627 | om 
17.0 0.170 0.006 | 0.332 | 0.123 
10.0 0.100 0.103 0.132 {| 6.2% 


i 


hour, (2) the action of ether alone for 15 minutes, and (3) the 
action of ether alone for 1 hour. The inerease in blood sugar due 
to the action of morphine for half an hour during ether anesthesia 
wes less than without ether. The increase in blood sugar result- 
ing either from 15 minutes or 1 hour’s action of ether anesthesia 
after the administration of morphine was much less than without 


¥ 


morphine. 
From oan inspection of the averages in Tables I, II, and II] 
it appears that there is a maximum glycemia in the vicinity of 
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0.210 per cent bevond which there is no increase. This maxi- 
mum glycemia seems to have been approximated in the ease of 
(1) the action of morphine for-an hour and a half, (2) the aetion 
due to 45 minutes of morphine and 15 minutes of ether, and (3) 
the action of morphine for an hour and a half with the addition 
of ether for 14 hours, the action of ether for 45 minutes and 
morphine for 30 minutes. 

The small changes in the blood sugar recorded in Table [IV will 
be observed to be from hyperglyvcemias near the limit. These 
differences are not considered of any signifieanee in determining 

TABLE IV. 
Averages from Other Tables. 


Dextrose. Per cent 


———— | difference 
Before. After. Differ-  (approx- 


ence. | Imate:. 


percent percent per cent. per cent 


during ether............. 0.1784 0.2110 0.0326. Is 
15 min. ether alone.......................'0.1101 |0.1784 |0.0683 62 
during morphine ........... 0.1725 0.2046 0.0321) 19 
15 “ morphine (corresponding)........ 0.1883 0.1967 0.0084 t 
lL hr. morphine after } hr. morphine....... 0.1883 0.2095 0.0212 11 
ss and ether, after } hr. mor- | | | 

0.1725 0.2085 0.0360 21 


* Ross, FE. L., and MeGuigan, H., J. Biol. Chem., 1915, xxii, 407. 
the difference in the action of the two drugs. The limit of the 
animal to reaet is reached before the action of the drug is com- 
pleted. The glycosuria found in animals by Luzzatto and Araki 
as a result of morphine administration indicates the reason for 
the limit to the hyperglycemia. When the glycemia is near the 
maximum glveemia, a hyperglycemia-producing drug ean only 
raise the blood sugar to the limit even though the drug were 
eapable of raising the blood sugar much more in a normal animal. 


SUMMARY AND CONCLUSIONS. 


A scrics of animals was subjected to the aetion of morphine 
injected subeutancously and ether administered in an air mixture. 
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These drugs were applied alone and together and in different orders. 
Blood dextrose determinations were made at various intervals. 

The data lead to the following conclusions: 

1. Morphine administered hypodermically dogs doses 
of 10 mg. per kilo of animal produced an average increase of 59 
per cent in the blood sugar in half an hour, 66 per cent in 45 
minutes, and 77 per cent in an hour and a half. 

2. Ether given after morphine has been acting for half an hour, 
does not cause as much increase in blood sugar as if the morphine 
had not been used. However, the final degree of hyperglycemia 
is approximately the same, either with or without morphine. 
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DETERMINATION OF VARIOUS FORMS OF NITROGEN 
IN BOVINE FLESH, INCLUDING THE PRODUCTS OF 
HYDROLYSIS OF SOME OF THE PROTEINS.* 


First Parer. 
THE HEXONE BASES OF SOME FLESH PROTEINS. 
By WALTER KE. THRUN P. F. TROWBRIDGE. 


(From the Department of Agricultural Chemistry, University of Missour:, 
Columbia. ) 


(Received for publication, March 3, 1918.) 


Hausmann’s (1) method for determining the nitrogen distri- 
bution into protein analysis and its subsequent modifications 
(2, 3, 4, 5, 6) has been widely used in the analysis of various pro- 
teins, tissues, foods, and feedingstuffs. 

lor the present study a number of beef proteins were analyzed 
according to the Van Slyke method. The proteins used repre- 
sent the fractions of the flesh as deseribed by Grindley (7). The 
eold water-insoluble protein is a mixture of stroma and plasma 
proteins and contains albuminoids and nucleoproteins. The 
eold) water-soluble, heat-coagulable fraction is a mixture of 
plasma protein, the albumins and globulins of flesh. 


Preparation of Samples. 


The flesh was separated from the fatty tissue and bones by hand. It 
was then ground finely in a meat chopper and about 5 kilos were placed in 
a cooler the temperature of which was about 40°F., and mixed thoroughly 
with cold water. The mixture was then filtered through muslin. If the 
temperature is not too low labor can be saved by pouring the mixture upon 
the muslin which has been fastened on «a square frame and catching the 
filtrate by means of a funnel in a bottle below. The mixing with water and 


* This and the following paper represent part of the work incorporated 
in a thesis submitted by W. Ek. Thrun in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy in the Department of Agri- 
eultural Chemistry of the University of Missouri. 
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filtering is repeated until the filtrate no longer gives the biuret reaction. 
The filtrate is treated with a little thymol to prevent bacterial action and 
filtered through paper and evaporated on the water bath until quite con- 
eentrated. The coagulated proteins are filtered off! by means of suction 
and washed with water and finally with aleohol. The eold water-insoluble 
residue and the coagulable protein are mixed thoroughly with alcohol and 
preserved that way until used. The filtrate and aqueous washings from 
the coagulable protein are concentrated on the water bath to a thick syrup 
and preserved as such. The concentration is such that bacteria will not 


grow. 

The cold water-insoluble residue is treated with aleohol and filtered 
by suction. This treatment is repeated several times. Then it is treated 
with ether and filtered several times. The aleoholic and ether filtrates 
are mixed and made up to volume, and the nitrogen is determined in an 
aliquot. The protein residue is air-dried, weighed, and the nitrogen de- 
termined in a sample. 10 gm. samples are placed in paper cones and ex- 
tracted in a Soxhlet apparatus. Absolute aleohol is poured upon it first 
and it is allowed to stand for a few days. The aleohol is then siphoned 
off into the flask and the sample is further extracted with ether in the usual 
way for about 24 hours. The aleohol-ether mixture is washed into a Kjel- 
dahl flask and the nitrogen in it determined in the usual way. The quan- 
tity of nitrogen obtained in the second extraction is very small. The sum 
of the weights of the nitrogen in the alcohol-ether extracts and the nitrogen 
in the residue after extraction divided by the weight of the nitrogen ob- 
tained by the two extractions gives the lipoid-protein nitrogen ratio of the 
cold water-insoluple part of the flesh. The extracted samples are then 
ready for analysis. 

Van Sivke (S) found by determining the amino nitrogen that digestion of 
muscle proteins in water at 100°C. for 3 hours did not hydrolyze them. 
The water extracts of these samples were made in the cold so that enzymes 
present did not have favorable conditions during that time. 


Description of Samples. 


The cold water-insoluble protein, No. 562C, was obtained from a lean 
flesh composite of a new born calf, and No, 549 from a 5 year old stunted 
steer in the manner described above. Sample 50SB was prepared as fol- 
lows: The lean flesh of round of baby beef was extracted with cold water 
and then with ammonium sulfate, the remaining ammonium sulfate was 
removed by washing and the sample was treated with alcohol, dried, and 
then extracted with ether. The sample was then air-dried. The whitish 
shreds resulting were sifted and the coarsest sample was 5OSB. 

The coagulable samples were obtained as deseribed above, 562C from 
the lean flesh composites of a new born calf, and the others from the lean of 
the round. Steer 505 was full fed from birth and slaughtered at 11 months; 


(Tf filtering goes slowly it is best to do it in the cold. 
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No. 501 was treated 
held as a feeder for 
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as No. 505 but slaughtered at 48 months; No. 48 was 
343 vears and then full fed for 1) vears. 


os. 505, 


501, and 48 were all fat when slaughtered and analysis of the proteins from 
the same parts of the carcass ought to show the influence of age upon the 
In this paper the cold water-insoluble residues 


composition of the sample. 


are designated with an # before the number of the animal from which they 
eame, the coagulated samples by ©. 
In Table [ the results of the Van Slyke analysis are given. 


Van Slyke Analysis of Seven Beef Flesh Proteins in Per Cent 


Sample. 


Steer, 5 
vrs. Residue 
of lean of ribs, 
water extrac- 
tion followed 
by aleohol and 
ether extrac- 
tion. 


Baby 
Sample 
lean meat ex- 
tracted with 
eold water, 10 
per cent am- 
monium — sul- 


beef. 


fate, and ether.. 


New 
born calf. Res- 
idue of lean 
flesh composite 
after extrac- 
tion with cold 
water, alcohol 


ai 
| < 

per | per | 

cent cent | 

| | 

| 

| 

1.43.9 

1.7,6.0* 
1.55.4 


TABLE I. 


of Total 
Nitrogen. 
‘ Nitrogen. 
2 2 gé ES 
per per | per | 
cent| Pe nt per cent per cent cent ‘per cent 
| 
| 
| | | 
| | | | 
} 
| 
| | 
| | 
1.11.9 114.0 0.9 58.3 96.8 
| 32.3) | 59.2 | 
| 
| | | 
0.75.8t 12.05{ 12.8 |100.64 
31.3 61.63. | 
| 
| | 
0.94.9 13.6 |13.81.8 58.5 100.35 
33.1) 
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TABLE I—Concluded. 


| Nitrogen. 
| 
| Sample. 2 g ‘ g 
per cent per cent per cent per cent 
He C 562C. New 
born calf. Co- 
agulated pro- 
tein from lean 
flesh composite.) 2.36.8 1.15.3 13.3 10.9 101.07 
30.6 61.36 
ie ai C 505. Steer, 11 | | 
mos. Coagu- | | 
lated protein | | | 
from lean | 
round of fat | | | 
60.10 
vrs. Coagu- | | 
from lean | | 
round of fat | | | | | 
steer............| 2,116.9 | 1.2/7.6 15.5 110.2) 100.07 
| 56.26 
vrs. Congu- | | | | 
APE from lean | | | | | 
round of fat | | | | | | | 
j steer............| 2.6/6.0 | 0.8/5.4 (12.7: :11.10.3 59.8 97.88 
i i * During the ammonium sulfate extraction some ammonia may have 
been united with the protein, making the ammonia nitrogen value too high. 
ee ; * This value is too high. See discussion of the histidine nitrogen. 
4 : t This value is too low. See discussion of the histidine nitrogen. 
| The humin nitrogen is about 1 per cent lower in cold water- 
, insoluble proteins than in the coagulable proteins. This may 
| be due to differences in carbohydrate, proline, and tryptophane 


contents. Van Slyke found 1.28 per cent humin nitrogen in a 


hydrolysate of casein. 
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Ammonia Nitrogen. 


The greater part of the ammonia nitrogen formed during the 
hydrolysis of proteins comes from the acid amides. Other 
sources of ammonia are the products of secondary decomposition 
of some of the amino-acids, such as tryptophane and cystine. In 
these samples of meat proteins the ammonia nitrogen is higher 
in the coagulated proteins than in the cold water-insoluble 
samples. It may be noted that Sample ? 508B has a higher 
ammonia content than the other cold water-insoluble samples. 
The sample had been extracted with ammonium sulfate and 
thoroughly washed. It may be possible that some ammonia has 
united with the free amino groups of the protein as the aeid salt, 
Ro HSO,. 


(Cystine Nitrogen. 


The amounts of evstine nitrogen given in the table are lower 
than the true quantities present, since it is known that evstine 
gives rise to humin formation, ammonia formation, and that 
Hes (9, 10, 11) is given off during hydrolysis. The quantities 
present, however, are all very close to L per cent and the determi- 
nations are of value in calculating the per cent of Ivsine. The 
eyvstine content of these proteins is slightly higher than that 
obtained by Van Slyke by the same method in easein, which 
was 0.70 per cent (corrected for solubilities of bases). 

Due to the presence of silien the eystine in Samples 7? 508B 
and © dS was not weighed. However, a very small precipitate 
was noticed, The values given in the table give the amount of 
eystine nitrogen which would not have been precipitated by the 
phosphotungstice acid, 


Arginine Nitrogen. 


The arginine nitrogen in the cold water-insoluble samples is 
higher than in the coagulated samples. 


Lysine Nitrogen. 


The values given in the table for lvsine nitrogen are slightly 
lower in the cold water-insoluble samples. However, a correction 
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for nucleoprotein bases would make the values slightly higher so 
that it is impossible to say from these data that there is any marked 
difference in amount of lysine nitrogen present. 

Summarizing these results we find that all of the cold water- 
insoluble samples differ decidedly from the coagulated samples 
in their hydrolytic products; that is, in the humin nitrogen formed 
from them and in the ammonia, the histidine, and the arginine 
nitrogen content. The differences among the insoluble samples 
as well as among the coagulated samples must be due to the 
different sources of the samples. 

The three samples of coagulated protein from the round = of 
Animals 505, 501, and 48, are comparable except as to age, but 
while the analysis shows differences these differences do not 
vary with the age of the animal. 


fTistidine Nitrogen. 


The histidine nitrogen is lower in the cold water-insoluble 
sumples than in the coagulable samples. The value given in the 
table for Sample F 508B is too high since in determining the 
amino nitrogen in the bases the nitrous acid was allowed to act 
for only 5 minutes, while it requires 30 minutes for complete 
action upon the eamino group of lysine. About four-fifths of 
the nitrogen of the «amino group of lysine is liberated by nitrous 
acid in 5 minutes. Allowing a correction for this, the value for 
histidine becomes 3.9 and that for lysine, 13.9. 


Corrections for the Presence of Nucleoproteins. 


The cold water-insoluble samples contain small quantities of 
nucleoproteins. The nucleic acid (11, 12) of the nucleoproteins 
contains purine and pyrimidine bases which are precipitated by 
phosphotungstic acid. 

The purine nitrogen in Sample ? 562C was determined acecord- 
ing to the method of Hall (13) and found to be 0.44 per cent of the 
total nitrogen. Then the purine and pyrimidine nitrogen pre- 
cipitated by phosphotungstic acid = 13 & 0.44, or 0.66 per cent. 
The formula for calculating the per cent of histidine can be 
corrected for nucleic acid bases and will be: histidine nitrogen = 
s(D — 3 purine nitrogen — { arginine nitrogen); and for lysine 
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nitrogen: lysine nitrogen = total nitrogen of bases — 3 purine 
nitrogen — arginine nitrogen — histidine nitrogen — eystine 
nitrogen. 

Using these formulas, the value of the histidine nitrogen in 
Sample Ro 562C becomes 3.938 and for lysine nitrogen, 13.89. 
The correction lowers the amount of histidine by 1.0 per cent and 
raises the amount of lysine by 0.33 per cent. Several assumptions 
have been made in these calculations, but it is certain that nucleie 
acid in the proteins which are analyzed aecording to Van Slyke 
enuses the determination of histidine to be too high and that of 
Ivsine to be too low. This facet strengthens the conclusion that 
the cold water-insoluble samples have less histidine nitrogen than 
the coagulated samples. 

The non-amino nitrogen of the filtrate from the bases repre- 
sents one-half of the tryptophane and all of the, proline and 
oxyproline nitrogen. The differences shown in the table are not 
significant because slight errors in the determination will change 
the results appreciably. In some cases no non-amino nitregen 
is given in the table because the amino nitrogen determination 
was slightly higher than the total nitrogen determination. This 
does not mean that no non-amino nitrogen is present, but that 
the accuracy of the determinations is such that it could not be 
determined. However, it is certain that in the samples analyzed 
here the amount of non-amino nitrogen in the filtrate from the 
bases is not more than about 3 per cent. It may also be remarked 
that this form of nitrogen-—tryptophane, proline, and oxyproline 
—~-makes up the largest part of the humin nitrogen (14). 


DISCUSSION, 


The proteins of muscle are generally divided into two groups, 
those of the muscle plasma and those of the muscle stroma. 
The greater part of the proteins of the muscle are insoluble in 
ammonium chloride solution. These are the proteins of the 
stroma. Nuecleoproteins and phospholipins are also present. 
The latter are apparently in union with the proteins. The pro- 
tein is probably an albuminoid or a metaprotein. The heat- 
coagulable proteins used in this work are of course all plasma 
proteins, while the cold water-insoluble residues contain all of 
the original stroma proteins and some of the plasma proteins. 
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Mathews (12) says: “It seems probable from the general phenomena of 
the squeezing out from gels on contraction of the latter by the process 
called syneresis, of a solution containing the same matter as the gel, but 
in different concentration, that the plasma may, In reality, contain the 
same proteins as the stroma, but in more dilute form.”’ 


The differences in constitution of the cold water-insoluble and 
the coagulable samples found in this work are evidence against 
this probability. The amount of nucleoproteins present does 
not have an appreciable effect upon the results of the analysis. 
We have here differences between mixtures of stroma proteins 
with plasma proteins, and plasma proteins. 

Samples Ro and R 549.—The analysis of these samples 
shows differences that are greater than the experimental errors. 
Sample PR 562C is the cold water residue of the flesh composite of 
anew born calf, while R549 is a composite of the lean flesh of the 
ribs of ad vear old steer. The latter contained some fatty tissue. 
It has been found in the analysis of many beef animals in this 
laboratory that the analysis of the lean flesh of the ribs) cor- 
responds very closely to the analysis of the lean and fat compo- 
site of the careass. It may be said, then, pending analysis of 
more samples, that it is probable that during growth a change 
takes place in the composition of the cold water-insoluble protein 
of the flesh of beef animals; the products of hydrolysis contain less 
ammonia nitrogen, fess histidine nitrogen, and more arginine 


nitrogen, 
Analys:s of a Flesh Composite of a New Born Calf. 


The analysis givenin Table TD of a flesh composite of a new born 
ealf was made in order to show the relation between the protems 
studied in the discussion above to the fresh flesh. Several fips 
In the methods for tissue analyses are evident. The value given 
for the aleohol-ether-soluble nitrogen of the cold) water-insoluble 
fraction of the flesh may differ slightly from the true value, since 
asmiall part of the sample was removed from it, while tt was st und- 
ing in alcohol, without previous mixing. Inspection of the table 
will show that no separations within the aleohol-ether-soluble 
nitrogen of the imsoluble residue were made. “The monoamino- 
acid nitrogen in the soluble and coagulated proteins fas. not been 
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TABLE II. 


dol 


Analysis of Flesh Composite of a New Born Calf, No. 562C. 


Moisture. 

76.81 

fresh sub- 
stance. 


Ether extract. 
cent. 


4.63 ‘per 
fresh sub- 
stance. 


_- 


Nitrogen. 


2.598 per cent 


fresh sub- 
stance. 


per cent 


| ‘Cold water- 


insoluble; 
per 
cent of to- 
tal N. 


A ‘olds water- 


( 


soluble, 
heat -coagu- 
lable; 
per cent 
total N. 


‘old 


soluble, non- 


heat -coagu- | 
Nitrogen as crea- 
| ereati- 
| 4.23 
cent of total N. 


Inble; 12.13 
per cent of 
total N. 


Protein nitrogen; 


| 
| 


her-alcohol -sol- 
per 


uble; 


9.38 


cent of total cold 


water - insoluble | 


N. 


90.62 per cent of 


total cold water- 
Arginine ..13.8 


insoluble N. 


Total N of protein: 


of 


Wwater- 


per cent 


Humin... 2 
Ammonia. 
("vstine. 

Histidine. 35 
Lysine... .1 
Arginine. . 
Monoam- 


iIno-2e1d 
‘Total..101. 


Nitrogen 


‘ 


» 


itated by tannic 


2.04 


I 


er 


cent of total N. 


tine and 
nine, 


} 


| Total N of protein: 


Humin.... 1.5 


Ammonia. 5.4 
Cystine... 0.9 
Histidine. 4.9 
Lysine... .13.6 


Monoam- 
ino-2¢e1d .60.3 
Total. .100.0 

Purine N. 0.44 


precip- 


er | 


per cent 


33.1 
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TABLE U—Concluded. 


‘Cold water- ‘Organic, 0.063 per cent fresh 
soluble: 0.71. substance. 

Phosphorus 
per cent of Inorganic, 0.0617 per cent 


Ash. fresh sub- | _ fresh substance. 
0.983 per cent stance. 
fresh sub- Cold water- 
stance. insoluble; 


Phosphorus, 0.047 per cent fresh sub- 


0.275 per 
stance. 


cent of fresh 
substance. 


separated. However, approximate values for tyrosine and tryp- 
tophane are given on pages 357 and 360 respectively. No separa- 
tions of the proteose and peptone nitrogen which is precip- 
ituted by tannie acid were made. This portion amounts to only 
2 per cent of the total nitrogen of the flesh. The only con- 
stituent of peptide and extractive nitrogen which was deter- 
mined was creatine and creatinine nitrogen which amounts to 42 
per cent of the total peptide and extractive nitrogen. 

The methods used in these analyses are those deseribed or re- 
ferred to in this and the subsequent paper. 


CONCLUSIONS. 


1. Cold water-insoluble proteins of beef flesh yield on hydrol- 
ysis less humin, ammonia, histidine, and more arginine nitrogen 
than coagulated beef proteins. A possible significance of these 
results is discussed. 

2. From the analyses of cold water-insoluble samples from the 
Hesh of a new born calf and of a 5 vear old steer it seems probable 
that during growth the insoluble proteins change in composition. 
The products of hydrolysis contain less ammonia, less histidine, 
and more arginine nitrogen. 
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DETERMINATION OF VARIOUS FORMS OF NITROGEN 
IN BOVINE FLESH, INCLUDING THE PRODUCTS OF 
HYDROLYSIS OF SOME OF THE PROTEINS. 


SECOND PAPER. 


THE BROMINATION OF THE HYDROLYSATES OF SOME BEEF 
FLESH PROTEINS. 


By WALTER E. THRUN anp P. F. TROWBRIDGE. 


(From the Department of Agricultural Chemistry, University of Missouri, 
Columbia.) 


(Received for publication, March 3, 1918.) 


The tyrosine in some of the samples described in the foregoing 
paper was determined according to the method of Plimmer and 
Kaves (1). The method depends upon the fact that tyrosine ab- 
sorbs two atoms of bromine. The bromine is prepared according 
to the equation: NaBrO; + 5NaBr + 6 HCl] = 3Bre + 6NaCl + 
3H.O. An excess of 0.2 N NaBrQOs solution + NaBr solution is 
added and after 15 minutes absorption the solution is treated with 
Nal and the iodine which corresponds to the excess bromine is 
titrated against 0.1 N NaeS.O3, using starch as indicator.  Pro- 
tein and some of its constituents besides tyrosine, histidine, cys- 
tine, and tryptophane absorb bromine. Tyrosine is separated 
from proteins, histidine and cystine by precipitation with phos- 
photungstic acid, and separation from tryptophane is effeeted by a 
trypsin hydrolysis since the tryptophane of a protein does not 
appear in the early stages of trypsin digestion. Plimmer and 
Eaves have settled upon 6 hours of digestion with tyrpsin as the 
length of time required by trypsin to liberate the tyrosine but 
not the tryptophane of a protein. They found a close agreement 
between the figures for tyrosine content obtained by this method 
from a large number of proteins and the figures obtained by 
isolation and weighing. 
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The technique used in the analyses presented here is as follows: 1.25 
gm. of the air-dry protein in a 250 ce. beaker were treated with 10 ce. of 
23.8 per cent NaOH solution and 50 ec. of water and boiled fora short time. 
All but a very small amount of protein went into solution 4.7 ec. of 33.7 
per cent solution of HC! were added slowly with stirring. The volume of 
the solution was brought up to 100 ce., giving it a concentration of 0.2 per 
cent NaOH. The solution was warmed to about 37> and 0.1 gm. of trypsin 
was added. 2 ce. of chloroform were added to prevent bacterial aetion, 
and the mixture was allowed to digest exactly 6 hours at 37> in an incu- 
bator. The solution was then quickly transferred to a 110 ec. sugar flask, 
cooled to room and made up to volume. Two 50 ec. aliquots 
were treated ina 250 ec. beaker withexaetly L00ce. of alO percent phospho- 
tungstic acid in 5 per cent sulfuric acid solution. After stirring, the pre- 
ecipitate consisting of proteins and basie amino-acids was filtered through 
drv folded filters. 100 ce. of the filtrate were run into glass-stoppered 
flasks and brominated as follows:' 10 ee. of a 0.2 N NaBrOs solution were 
run into the flask from a burette and then 10 ee. of a 2 per cent NaBr solu- 
tion were added. The stopper was put into the flask and the flask was 
gently rotated and allowed to stand for 15 minutes in diffused light. It 
was then cooled under the water faucet and a few drops of a 4 per cent Nal 
: solution were placed in the depression above the stopper of the flask. 
is When gently opened the slight vacuum in the flask will draw in the Nal 


aa solution which will absorb any bromine escaping. 10 ce. of the Nal solu- 
4 i tion are edded and the stopper is replaced and the flask gently rotated. 
a a Then the iodine solution on the stopper and neck of the flask is rinsed with 
Ei an : water into the flask and the contents of the flask are titrated against 0.1% 


oe thiosulfate solution, using starch as indicator. Sometimes the presence of 


the phosphotungstie acid makes it difheult to reeognize the end-point. 
: Af This is especially so if the original protein solution is dark. In that ease 
: 1 the end-point ts a change from a distinet blue to a violet. It is, however, 
: 1 readily found after some experience with an error no greater than three 
drops. 
; f A blank determination on 0. 1 gm. of trypsin was also made. The thio- 
: 7 sulfate solution was titrated against 0.1 N potassium dichromate. The 
eg: blank titration minus the titration of the samples gives the amount. of 
| bromine absorbed by the sample in terms of 0.1 .N thiosulfate. "Table I 


gives the results of these determinations upon the six samples analyzed. 


The results of the tyrosine determinations. show variations 


Al from O.S82 to 0.92 per cent of tyrosine nitrogen in terms of total 
i nitrogen of the proteins, or 1.69 to 1.91 per cent tyrosine in the 


proteins. An error of one drop in titration is equal to O.OLS per 


it ' Plimmer and Eaves recommend the use of Nal and NeBr instead of KI 
A and KBr because phosphotungstie acid is geceiaaineiases when Ix salts are 
making titration difficult. 
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cent tyrosine nitrogen. These differences are probably within 
experimental errors, and we may say that the tvrosine nitrogen 
in all these proteins in terms of total nitrogen is close to 0.9 per 
cent, or that the tyrosine content of these proteins is close to 1.9 
per cent. This latter figure is somewhat lower than the one given 
for ox muscle protein obtained by isolation and weighing of the 
tvrosine by Osborne and Jones (2) who obtained 2.2 per cent 
tvrosine. Plimmer and Eaves found differences as great as that 
by the two methods. 

The figures given were calculated upon the assumption that 
tvrosine absorbs two atoms of bromine (four atoms used) under 
the conditions of analysis. Plimmer and Kaves obtained very 


TABLE I, 


Tyrosine in protein. 


| | sample. 
| ce. | cag cent per cent 

549 | 2.25 | 0.955 1.98 

*P 508 B | 2 05 | 0.004 1.87 

*R 562 C | 1.91 | 0.82 

2.02 | 0.924 1.91 

505 1.82 | 0.818 1.69 

+C 501 2.07 | 0.907 1.89 


* Cold water-insoluble residue. 
Coagulated sample. 


nearly theoretical results under these conditions. However, 
When a great excess of bromine is present tyrosine absorbs more 
bromine. Siegfried and Reppin (3), who also give valuable 
hints on the technique of bromine titrations, found that about 
four and one-half molecules of bromine were used by tyrosine 
With varying amounts of bromine exeess and under conditions 
not greatly different from those of this work. 

The coagulated Sample 562C absorbed a small amount. of 
bromine when treated as deseribed but without the addition of 
trypsin. Coagulated Sample 505 after 24 hours digestion showed 
no increase in bromine absorption. Sample F# 549 after 72 hours 
digestion showed a marked increase in bromine absorption. The 
results given here are not to be considered as absolutely reliable 
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because the method of analysis depends upon several assumptions. 
It is assumed that all of the tyrosine is split off during 6 hours of 
tryptic digestion and that none of the tryptophane has been 
liberated during that time. The verity of these assumptions 
has so far only been proved in the case of nine vegetable proteins 
and of casein by Plimmer and Eaves. In these samples they 
obtained more or less close agreement between the bromination 
and the isolation method of determining tyrosine. However, 
if there were any great differences in the tyrosine content of these 
proteins this method of analysis would show them.’ 


Bromination of Hydrolytic Products of Beef Flesh Proteins. 


Siegfried and Reppin (3) feund that unhydrolyzed proteins absorb 
more bromine than their hydrolytic cleavage products. They found also 
that the following acids did not absorb bromine except after long standing: 
glycocoll, sarcosine, betaine, alanine, valine, leucine, aspartic acid. glu- 
taminie acid, lysine, arginine, phenylalanine. By treating tyrosine with 
an excess of bromine and titrating back with starch and iodine, one 
molecule of tyrosine absorbed four and a half atoms of bromine, one of 
tryptophane about eight atoms, and one of histidine somewhat over two 
atoms. Cystine consumes bromine and the destruction of it and the trypto- 
phane in acid hydrolysis ef the proteins may account for the fact that unhy- 
drolvzed proteins absorb more bromine than their hydrolysates. Hlowever, 
Siegfried and Reppin found that edestin before trypsin hydrolysis absorbed 
more bromine than after. The doubtful explanation they offer is that the 
increased bromine consumption due to liberation of tyrosine is more than 
balanced by the destruction of bromine-consuming linkings during 
hydrolysis. 

Brown and Millar (4) and Millar (5) found av inerease in capacity for 
bromine absorption during the progress of protein hydrolysis, whieh they 
attributed to the liberation of tyrosine which is not supposed to absorb 
bromine in a combined form. However, their results were obtained under 
different conditions. No excess of bromine was added. Bromate solution 
was added to the solution of the sample until the latter gave a color reac- 
tion with starch-iodine solution. 


2 Since the writer was unable to find any data in the literature on the 
bromination of cystine a determination of the bromine consumption of 
eystine was made under the same conditions which governed the other 
bromination experiments reported in this paper. An impure specimen of 
amino-acid (88.5 per cent) absorbed the equivalent of 10 atoms of bromine. 
The reaction was not further investigated. 
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Method for Determining Histidine. 


The following experiments were made to determine whether 
or not bromine absorption determinations would be of value in 
conjunction with the Van Slyke analysis. Two 5 ce. aliquots 
(= 0.0323 gm. of protein nitrogen) of the solution of the bases 
of the coagulable protein sample, No. 505, were treated with 10 
ce. of bromate solution (= 18.71 ec. thiosulfate) and 50 ce. of 
water, 10 ee. of bromide solution, and 5 ee. of HCl. Bromination 
was allowed to proceed for 15 minutes. It took 17.0 ce. of 
thiosulfate (= 0.008465 gm. of bromine) to titrate the excess of 
bromine (see p. 356 for technique). The bromine absorbed was 
0.01477 gm. Deducting 0.00259 due to cystine (cystine nitro- 
gen = 0.0009 found by determining sulfur in another aliquot), 
assuming that cystine consumes ten atoms of bromine per 
molecule, we have a consumption of 0.0119 gm. Bre by the histi- 
dine in solution. One molecule of histidine absorbs two atoms of 
bromine according to Siegfried and Reppin. Calculating the per 
cent of histidine nitrogen from the above data we get 9.68 per 
cent histidine nitrogen. To this must be added 1.17 per cent as a 
correction for solubility of histidine in presence of phosphotungstic 
acid as determined by Van Slyke, making it 10.85 per cent histi- 
dine nitrogen. This is somewhat higher than was obtained by the 
Van Slyke method, 9.08 per cent. By the same method Sample 
PR 562C had an average of 4.73 per cent histidine nitrogen; by the 
Van Slyke method, 4.97 per cent. The method also gave a value 
of 2.15 per cent histidine nitrogen for Sample PF? 549, while the 
Van Slyke method gave 1.90 per cent. | 

The accuracy of this method may be considerably inereased by 
using more dilute solutions for the titrations so as to measure 
larger volumes. A faetor for bromine absorption for histidine 
may be of value since histidine absorbs somewhat more than two 
atoms of bromine per molecule. 

Attention may be called to the fact that this method requires 
only two determinations of which the cystine nitrogen is very 
accurate, While the Van Slyke method requires three determina- 
tions. Amyl aleohol may interfere by absorbing bromine, but 
in the Van Slyke analysis the solution of the bases after removal 
of the phosphotungstie acid is evaporated under a vacuum and 
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boiled off. It is not known whether the purine and pyrimidine 
which are precipitated by phosphotungstic acid will absorb bro- 
mine under the conditions employed in these experiments. — If 
further proof of the value of this method for the determination 
of histidine is obtained a Van Slyke apparatus will no longer be 
essential for a determination of the hexone bases. 


Bromination of the Filtrate from the Bases. 


Table II gives the results of brominating 50 ec. of the filtrates 
from the bases in the Van Slyke determinations. The end-point 
due to the color of the phosphotungstie acid is difficult to reecog- 
nize untilone has had some experience, when it can be recognized 
within a drop or two of the thiosulfate solution. 


TABLE II, 


Bromination of Filtrate from Bases. 


Sample. | R562 R 549 | C 505 C501 
| 
Br absorbed as thiosulfate, ec... .. SSI Al. 06 10.76 11.46 
Br «absorbed after subtracting | | | 
0.01483 gm. for eystine and | 
0.00289 gm. for histidine in solu- | | 
Br absorbed by tyrosine in same | | 
weight of sample, 0.01650 | 0.01950 0.01215 0.01845 
i Br absorbed by try ptophane, gm... 0.04056 0.05640 0.05914) 0.06084 


| Nitrogen in sample, gm....... 0.07831 | 0.08951 0.06460 0.09548 
3! Tryptophane nitrogen ¢ ul: ated | | 
‘ for as bromine absorption of 6 | 
atoms per molecule, per cent... 3.02 (3.68 | 5.35 | 3.42 
Tryptophane, per cent............. 3.53 4.30 | 3.45 


i This bromine absorption may be due to the tyrosine and the 
\ tryptophane which have escaped destruction during the acid 
hydrolysis and the histidine and cystine which have escaped 
precipitation by the phosphotungstic acid. 

The following experiments were made to determine whether 
a h or not the correction for the solubility of the eystine can be applied 
= to brominations of the filtrate. 
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Two aliquots of a cystine solution which would absorb bromine equiva- 
lent to 9.25 ec. of thiosulfate were treated in a volume of 50 ec. with 4 gm. 
of phosphotungstie acid and 5 ce. of HCl and heated on a water bath. The 
solution was allowed to cool and after 36 hours standing the precipitate was 
filtered off with suction and washed with phosphotungstic acid solution. 
The filtrate was brominated and consumed an amount of bromine equiva- 
lent to 2.9 ec. of thiosulfate. The phosphotungstie acid was removed from 
the precipitate by extracting it aecording to Van Slyke with amyl alcohol 
and ether. The solution of the precipitate after subtraction of «x blank 
(2:26 ee.) due to ether and amyl alcohol in the solution absorbed bromine 
equivalent to 6.7 ce. of thiosulfate. The precipitate and the filtrate to- 
gether consumed bromine equivalent to 9.6 ce. of thiosulfate. The slight 
excess (0.35 ce.) may be due to inaccuracy of the blanks determined for 
the bromine consumption of the ether and amyl aleohol in the solution 
containing the precipitated cystine. Phosphotungstie acid does not con- 
sume bromine, as solutions of bromine titrate the same amount of thio- 
sulfate in the presence of phosphotungstic acid as without it. If a solu- 
tion of phosphotungstie acid is colored due to formation of oxides between 
WO. and WQOs, bromine will destroy the color, but upon titration with thio- 
sulfate it appears again, apparently not affecting the final bromine con- 
sumption. The amount of cystine used in the above experiment contained 

0.0026 
0.002502 gm. of nitrogen. According to Van Slyke, “a 0.00065 gm. 
of evstine nitrogen should be in the filtrate from the phosphotungstic scid 
precipitate This would be equivalent to a bromine consumption of 2.4 
ec. in terms of the thiosulfate. The bromine actually ecensumed was 2.0 
ec., a fair agreement with the theoretical. 


If now the correction for unprecipitated cystine and histidine is 
made in the bromine absorption determinations upon the filtrates 
from the bases, we have the weight of bromine absorbed by the 
tyrosine and the tryptophane. The amount of bromine absorbed 
by the tyrosine has been determined by the method of Plimmer 
and Kaves on these proteins. Subtracting the bromine absorp- 
tion due to tyrosine from the corrected value for tyrosine plus 
tryptophane, we get the bromine absorption due to tryptophane. 
The bromine absorption by tryptophane varies with the time and 
the excess of bromine added from about six atoms of bromine per 
molecule according to Plimmer and Eaves (1), Homer (6), and 
Siegfried and Reppin (3). The table shows the values for tryp- 
tophane nitrogen calculated on the assumption that one molecule > 
of tryptophane absorbs six atoms of bromine. These values are 
only offered as indicating the approximate amount of tryptophane 
in the proteins, as some tryptophane is destroyed during hydrol- 
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vais, and because the method of Plimmer and Eaves is not as 
rehable as is desirable. The values for Sample R 562C were cal- 
culated on the assumption that the tyrosine content as determined 
by the Plimmer and Eaves method was too low and that 2.2 per 
eent as found in ox muscle by Osborne and Jones (2) by isolation 
and weighing was the true tyrosine content. It was found that 
the 0.5 per cent difference in tyrosine content reduced the value 
for tryptophane nitrogen by about 0.3 per cent and the tryp- 
tophane by about 0.4 per cent. 


CONCLUSIONS. 


1. The tyrosine nitrogen was determined according to the 
method of Plimmer and Eaves in a number of cold water-insoluble 
and a number of coagulated beef proteins. No significant differ- 
ences were found. The reliability of these determinations is 
discussed, 

2. The amount of bromine which cystine will absorb when 
treated with an excess of nascent bromine for 15 minutes was 
found to be about ten atoms per molecule. Cysteie acid is prob- 
ably the end-product of the oxidation of eystine by bromine under 
these conditions. 

3. A new quantitative method of determining histidine in pro- 
teins by brominating the solution of the bases has been developed. 
Determinations of histidine on three different proteins by this 
method agree well with the results obtained by the Van Slyke 
method. 

4. The filtrate from the bases was brominated. From these 
data approximate values for the tryptophane content were calcu- 
lated. 
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THE BASIS OF MEASUREMENT OF ANTAGONISM. 
By W. J. V. OSTERHOUT. 


(From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 
(Received for publication, March 6, 1918.) 


In previous papers' the writer has deseribed a method of 
measuring antagonism. ‘The essential feature of this method 
is the use of the additive effect. If this is accurately known we 
can measure even slight antagonism. This will be made clear by 
a reference to Fig. 1. In this figure the ordinates represent growth 
while the abscisse represent the molecular concentrations of two 
salts, Aand B. In this case the two salts are equally toxie (as 
shown by the fact that the ordinates at the extreme left and ex- 
treme right are equal). If the toxic effects of both salts are similar 
and if neither influences the action of the other, we may replace a 
molecule of A by a molecule of B without changing the effect on 
the plant, and it will make no difference whether we have A 0.90 mM 
+ B 0.10 mM or A 0.50 M+ B 0.50 mM. In any mixture the effect 
will be the same as in any other or in either of the pure salts. This 
we call the additive effect. It is defined as the effeet which the 
salts would bring about if they acted in a similar manner and 
independently. 

As was pointed out in former papers, any growth in excess of 
the additive effect may be regarded as antagonism while anything 
less than the additive effect may be regarded as the opposite of 
antagonism. 

The antagonism at any point, as at the ordinate I, may be 
measured in two different ways. In the first method we regard 
the additive effect as the distance HI. The antagonism would 
then be the excess of growth HF, over the additive effect. 

It is quite possible that if all the solutions were diluted with an 
equal volume of water the antagonism might remain unchanged. 


1QOsterhout, W. J) V., Bot. Gaz., 1914, lviii, 178, 272; 1916, Ix, 228. 
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It is probable that the growth would be greater in all of the solu- 
tions and that the distance HI would be increased. It is there- 
fore evident that in this case antagonism should be expressed as 
per cent of the additive effect or as 100 k FH + HI. The 
opposite of antagonism, as shown by the lowest curve, would be 
expressed as 100 X EH + HI. 


GROWT E po 
G 
WATER M 
DIST. WATER 
L 
ADD. EFF. 
I 
ADD, EFR\K 
Fic. 1. Fig. 2. 


Fig. 1. Curve showing antagonism between two salts, A and B. The 
additive effect is GH. Antagonism at the ordinate | may be expressed as 
100 * FIL + GH: the opposite of antagonism as 100 & KIT + GH. The 
dotted line represents growth in distilled water. The abseis-ie represent 
the molecular concentrations of the salts. 

hig. 2. Curve showing antagonism between two salts, C and D. in their 
etfeet on the precipitation of gelatin by aleohol. The ordinates, measured 
from above downwards, represent the amount of alcohol necessary to pre- 
cipitate gelatin containing salts whose molecular concentration is repre- 
sented by the abscisswe. The dotted lin® represents the amount of aleohol 
necessary to precipitate gelatin to which no salts have been added (but 
containing the same amount of distilled water as the rest of the gelatin). 
The additive effect is NAME. Antagonism may be expressed as 100 & Lit + 
KM, the opposite of antagonism as 100 Kk KN + KM. 
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In the second method we look at the matter from the following 
standpoint. A certain amount of growth occurs in distilled water; 
when salts are added to distilled water the growth is lessened. 
The lessening of growth due to the action of the salts where no 
antagonism (or its Opposite) oecurs is regarded as the additive 
effect. When the salts are antagonistic growth is less hindered. 
The additive effect is then GH; the antagonism is FH and may be 
expressed as 100 X FH + GH. The opposite of antagonism ts 
100 X EH + GH. 

The second method of measurement has certain advantages. 
This is evident, for example, when we attempt to compare antag- 
onistic effects produced on protoplasm (Fig. 1) with those produced 
on gelatin (Fig. 2). In experiments on gelatin Fenn* found antag- 
onism between various salts by testing their effect on the precipi- 
tation of gelatin by alcohol. In Fig. 2 the ordinates (measured 
from above downward) represent the amount of aleohol required 
to precipitate a given amount of gelatin; the abscissze have the 
same significance as in ig. 1. It is evident that we cannot use 
the first method of measurement here, but that the second ean be 
applied without difficulty. Using this method, antagonism at the 
point 100 LIX + KM. 

In this instance the additive effect is easily determined, but 
in some cases there may be difficulties. The additive effect can 
always be determined when it is possible to express the effect of 
one salt in terms of the other, as is the ease in Fig. 3 (the effeet im 
distilled water is here the base line). Here it will be seen’ that 
the amount of alcohol required in the presence of P is the same ss 
that required in twice the same concentration of R, so that we may 
write, amount in (0.50 P + 0.50 R) = amount in (0.50 P + 0.25 
P) = amount in 0.75 P = 20, or amount in (0.50 P + 0.50 Ry = 
amount in (1.00 R + 0.50 R) = amount in 1.50 R = 20. 

Whenever the effect of one salt is everywhere a constant mul- 
tiple of that of the other the additive effect can be accurately deter- 
mined. Even when such a relation is only approximated, the 
approximate additive effect forms a useful basis of measurement. 


2 W. O., J. Brol. Chem., LOIS, xxxiv, 141. 

37n this case the effeet in distilled water is taken as the base line. In 
place of molecular concentrations we mav use for sbseisse the number 
of ec. of the solution which are taken in making the mixture. 
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When the approximation is not close, special methods of eal- 
culation may be employed, as explained in a previous article. 

3 When the additive effect cannot be determined with sufficient 
= accuracy to be of value, we may find it impossible to say whether 
qs ¥ antagonism is present unless the following criterion can be applied. 
ae It is evident that the additive effect as measured by the second 
te method must always be greater than that of the most strongly 
acting salt. Weare therefore safe in saying that antagonism exists 
if the effect of any combination of substances is less than that pro- 


ALCOHOL 


#0 


30 


207 


P 1.0 5 0 
R lo 1.5 2.0 


hic. 3. Curves showing the effects of dilution and the additive effect 
of two salts, P and R. The ordinates represent the amount of alcohol 
required to precipitate gelatin to which the salts have been added, the 
absciss represent molecular concentrations. In the dilution curve of P 
the absciss~ represent molecular concentrations of P (R being absent) ; 
similarly in the curve for R (P being absent). 


duced by the most strongly acting substance in the absence of the 
others (and at the same concentration at which it exists in the 
combination). If the effect is greater than this it may be im- 
possible to decide (the additive effect being unknown) whether 
we have antagonism, additive effect, or the opposite of antag- 
onism. In eases where the effect of one salt is very small it may 
be neglected altogether. If only two salts are present the addi- 


*Osterhout, Bot. Gaz., 1916, Ix, 228. 
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tive effect will then be practically the same as that of the most 
strongly acting salt. 

It may be of interest to consider briefly cases where the con- 
centration of one salt is kept constant while that of the other 1s 
raried, Such a case is represented in Fig. 4. Here it is evident 
that antagonism exists as long as the curve of growth is above the 


CROWTH 
DIST. WATER 
oO 
ea 
> 
0.12 8 
t 
0.128+0 0.5 1.0 T 


Fig. 4. Curve showing antagonism between two salts S and T. The 
concentration of Sis constant (0.12 Mm) while that of T varies as shown by 
the abseissie (which represent molecular concentrations of T). The effect 
of 80.12 mM is shown by the horizontal unbroken line. The effect of various 
concentrations of T alone is shown by the dilution curve of T; for this 
curve the abscisse represent molecular concentrations (S being absent). 
Growth in distilled water is shown by the dotted line. 


horizontal line which indicates the growth in 0.12 5. But where 
it drops below, as it does to the right, we must know the effect of 
T in order to decide whether antagonism exists. This effect is 
shown by the dilution curve of T in the figure. In order to 
calculate the additive effect the dilation curve of,5 must also be 
known. 
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It is hardly necessary to add that all the methods discussed 
above are applicable when more than two salts enter into the mix- 
ture. 

In some cases distilled water may not be satisfactory as a stand- 
ard of comparison. In the case of marine organisms the natural 
medium to use is sea water. In this case, just as where distilled 
water is used as a basis, the organism itself contains a variety of 
salts, and the experimenter merely increases the amount of one of 
them so that it predominates. In the ease of distilled water this 
‘an be done only by adding the salt, while in the case of a con- 
stituent of sea water it can be done by adding this salt or by dimin- 
ishing the other constituents or by doing both simultaneously.® 
In such cases we obtain curves similar to those shown in Fig. 
1, except that the effect of sea water is substituted for that of 
distilled water as the standard of comparison. 

It would not be safe to extend this principle to the substitution 
of nutrient solutions for distilled water, for here the antagonistic 
effects might be confounded with nutrient effects, at least where 
growth is used as a criterion. It may be that other criteria can 
be found which are not affected by nutrition to so great an extent 
as growth is, and it is possible that permeability might be used in 
this way. But it should be noted that when the experimenter 
adds toxie salts to a nutrient solution he must make due allow- 
ance for the antagonistic effect of the salts already present. 


SUMMARY, 


In order to measure antagonism it is necessary to know the 
additive effeet (the effeet which would be found if no antagonism 
existed), 

When the additive effeet is unknown it may be impossible to 
decide whether antagonism exists unless the observed effect is less 
than that of the most strongly acting substance (measured from 
the distilled water curve which is taken as a base line). If the 
observed effect is greater than this it may be due to antagonism, 
to additive effeet, or to the opposite of antagonism. 

AMlethods of determining the additive effect and of measuring 
antagonism are discussed, 


* The same principle applies when the salt used is not a constituent of 
sea water, the organism being placed in a solution ef this salt im distilled 
water 
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DETERMINATION OF HEMOGLOBIN DURING INFANCY 
BY THE PALMER AND VAN SLYKE METHODS. 


By V. B. APPLETON. 


(From the Hooper Foundation for Medical Research, San Francisco, and the 
Lying-In Hospital, New York.) 


(Received for publication, March 30, 1918.) 


Many authors have pointed out the high hemoglobin content of blood of 
new born infants. Leichtenstern (1) was one of the first to call attention 
not only to the high value of hemoglobin at birth but to the rapid decrease 
in the early days of life. Schiff (2) using the Fleisch] apparatus found 
104.6 per cent hemoglobin at birth with a drop of 14 per cent in the first 
14 days. Gundobin (3) with the same instrument obtained 90 to 115 per 
cent hemoglobin in the new-born. Takasu (4) using the Gower hemo- 
globinometer gives 103 to 160 per cent as the figures for normal infants dur- 
ing the first few days of life. Williamson (5) has shown the variations 
according to age by spectrophotometric analysis amplifying and confirming 
the earlier work of Leichtenstern. There is a physiological decrease in 
hemoglobin during the first 2 years of life which is very rapid during the 
first 5or6 months. The hemoglobin content does not again increase until 
after the 2nd year. ‘The cause for this physiologically low hemoglobin 
during infaney is not clear and may be closely related to the anemia of 
infaney seen especially in infants born prematurely and in twins. 


Because of the wide range in the results obtained by the above 
authors, it appeared desirable to ascertain the hemoglobin in the 
blood of normal infants by the method of Palmer (6), which ts 
supable of 1 per cent accuracy. It is also sufficiently simple to be 
available as a practical clinical method and has the advantage 
of using a standard solution, any deterioration of which can be 
readily deteeted by cheeking readings with the results obtained 
by the gasometrie method described by Van Slyke (7). 


Selection of Cases. 


The blood of a series of 103 children less than 2 vears of age was 
studied by the Palmer method. The Van Slyke method was 
employed in only a few eases, being used to check the Palmer 
369 
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method. The results by the two methods corresponded very 
closely. Fine, healthy children were chosen, showing normal 
weight with steady gain, good development, both physical and 
mental, and absence of any disease, acute or chronic, of any 
consequence at the time the specimen was taken or previously. 
About 90 per cent were breast-fed. Except in new born babies 
nearly all of the examinations were made during the late summer 
or autumn at a season when the children were out in the fresh 
great deal. 


Collection of Blood Samples. 


The blood was taken from the toe, usually both great toes being 
used to procure an adequate amount of blood quickly. To aid 
drop formation in the blood of new born infants a thin film of 
sterile vaseline was applied after the toe had been cleansed with 
alcohol. The samples of blood were collected and measured in a 
special pipette made of heavy capillary glass tubing of 1 mm. bore. 
The pipette was bent at right angles about 8 mm. from the tip so 
that the blood could be drawn up by eapillary attraction. While 
the pipette was being filled it was held in a horizontal position so 
that capillary attraction had to overcome only the weight of the 
short vertical column at the tip. By lowering or raising the stem 
from the horizontal position the inflow of blood could be acceler- 
ated or retarded. The pipettes were calibrated gravimetrically 
with water to contain 0.05 and 0.10 ece., each pipette being eali- 
brated to be used either wet or dry. Care was taken to drain 
always in the same manner, when, as In most cases, the pipettes 
were used wet. 


Standard Hemoglobin Solution, 


Dog or human blood was used for making the standard hemo- 
globin solution. A 1 per cent solution was checked every week or 
two by comparison with the gasometrie method and was found to 
begin to deteriorate at room temperature in 2 to4 weeks. Marked 
deterioration became readily evident by the change of color from 
red to vellow when the carbon monoxide hemoglobin was viewed 
in the colorimeter, but the initial stages of change could be detected 
only by comparison with the gasometrie method. Differences of 
Sper cent between results obtained by the colorimetric and gaso- 
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metric methods could be noted in a deteriorating standard before 
the change in color was visible. 

The blood used in the gasometrie method was oxvgenated in a 
large test-tube by bubbling air through it. 


| 


percent percent per cent: per cent percent percent percent percent 
Hemoglobininindi- 141 122) 122.) «114* | 81 
vidual cases. | 84 | 76*| 75*| 
147* | 137 | 122 | 128 | 85*| s8O0*| 77 | 80 
| 157* | 140 | 123 | 91*; 88*| 79 | 86 
| 166 | 143*| 128 | 144*| 94 | §8*} 82 | 86* 
| 166 | 147* | 128 | 156*| 97 | 91 | 83 | 87* 
| 172 | 147* | 132 | 174* | 100 | 92 | 87*| 87* 
| 172 | 148 | 133* | | 101* | 100 | 90*| 91 
177 | 149* | 148* | 103 | 108 | 90* | 91 
178* | 156 | 150 103 90 | 93 
| 192* | 156 | 152 | | 104° | | 7 OF 
| 165* |- 152 109* | 
| | 170* | 157 | 115° | | 93* | 
| | | 137 | 
| | | | 143. | | 97 | 
| | | | | 2. oe 


Average.............| 164 | 146 | 135 | 137 | 002 | 88 | 87 | 85 


* Average of duplicates. 


RESULTS. 


The values found are arranged in the secompanving table 
according to the-age grouping of Willtamson. The results are 
expressed as percentages of hemoglobin, taking as 100 per cent 
Haldane’s average for normal adults; ezz., the hemoglobin content 
corresponding to an oxygen-binding capacity of 18.5 ec. of oxygen 
per LOO ee. of blood. The early rapid decrease and later more 
gradual decrease occur as found by previous authors. The 
variations in children of the same age are noticeable in the early 
davs of life. These data from normal children, taken with those 
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of previous authors, emphasize the necessity of interpreting 
hemoglobin determination in infants with the values normal for 
the age of the subject, rather than those normal for an adult, as 
standard. 
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MONTHLY METABOLISM OF NITROGEN, PHOS- 
PHORUS, AND CALCIUM IN HEALTHY WOMEN.* 


By H. C. SHERMAN, L. H. GILLETT, ann H. M. POPE. 


(From the Chemical Laboratories of Columbia University, New York.) 
(Received for publication, March 8, 1918.) 


kor several years there has been growing appreciation of the 
importance of adequate intake of phosphorus and calcium, and 
general recognition of the fact that a freely chosen food supply, 
even if of ample fuel value and protein content, does not always 
furnish enough of these inorganic elements. There have, 
however, been relatively few attempts to establish the phosphorus 
and caletum requirements of human nutrition quantitatively, 
and such experiments as have been made with this in view have 
been almost entirely upon male subjects. 

Mxperiments upon women were therefore plainly needed and 
since the effect of the monthly evele upon phosphorus and cal- 
elum metabolism had not been determined, it seemed especially 
desirable that the experiments should be so planned as to throw 
light upon this question in addition to furnishing data upon the 
quantities of ealetum and phosphorus required in normal human 
nutrition. For this purpose two healthy women (graduate stu- 
dents) undertook to live upon prearranged diets absolutely uniform 
from day to day, with quantitative determination of intake and 
output of nitrogen, phosphorus, and calcium in ten successive 
periods of 3 dayseach. The feces belonging to successive periods 
were marked by taking analyzed lampblack or carmine with 
the first meal of each period. 


* The experiments described in this paper were made possible by the 
cooperation of the Depirtment of Social Welfare. New York Association 
for Improving the Condition of the Poor, to which we are indebted for y- 
grant from the research fund established by Mrs. Elizabeth Milbank 
Anderson. 
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i Since each diet was to be entirely without variation from day to 
a day for a month, the foods were selected according to the pref- 
k erence of each subject in as far as this was consistent with the 
i. necessary degree of simplicity. It was also a part of the general 
; plan to secure uniformity of intake by preparing as much as pos- 
| sible of the food in advance, and to arrange a ration which was 
i expected to satisfy the requirements for energy and protein while 
‘sufficiently low in phosphorus and calcium to test the ability of 
the body to establish equilibrium of either of these elements. 
The subjects drank only distilled water. Throughout the time 


a covered by the experiments the subjects were engaged in Inbor- 
ia ii atory work-—usually about 10 hours per day. 
hint Subject IK weighing 52 kilos took a simple form of “ordinary 
a mixed diet”’ consisting of bread, butter, beef, orange juice, 
a shredded wheat, and cream, which furnished daily about 2,137 


‘alories, 62 gm. of protein, 0.70 gm. of phosphorus, and 0.30 gm. 


’ of calcium. Subject L weighing 57 kilos took a meat-free diet, 
Ee) ft of bread, butter, cream, peas, peanuts, orange Juice, and grape 
i juice, furnishing daily about 1,835 calories, 42 gm. of protein, 
3 i | 0.53 gm. of phosphorus, and 0.28 gm. of calcium. 
o With Subject K (52 kilos) there was a positive nitrogen balance 
a in all but one of the ten 3 day periods. Approximate equilibrium 
ce of phosphorus was established within 3 days and thereafter main- 
he tained throughout the month, while the calcium intake proved 
ee { inadequate for the maintenance of equilibrium even during the 
et second half of the month, the results indicating that the body 


was unable to adjust itself to a metabolism of less than about 
0.35 gm. of calcium, this being the average daily output after the 
first 12 davs. 

With L (57 kilos) there was a slight loss of nitrogen during 
the first half of the month and practical equilibrium during the 
latter half. The output of phosphorus, especially after the first 
6 days, was only slightly greater than the intake, the average for 
the month being 0.63 gm. per day; or if the first 6 days are re- 
garded as representing a period of adjustment, the average for 
the rest of the month becomes 0.60 gm. of phosphorus per day. 
The output of caletum was fairly constant at about 0.30 gm. per 
day. 3 

In Experiment III, K took a meat-free diet for comparison 
with the results which she had shown with the mixed diet of 
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Experiment I. In this last experiment (body weight 50 kilos) 
there was approximate nitrogen equilibrium on an intake of 6.7 
gm.; 2 steady loss of phosphorus on an intake of 0.57 gm., the 
output averaging 0.64 gm.; and a steady loss of caletum on an 
intake of 0.27 gm., the output ranging from 0.27 to 0.42 gm., 
averaging 0.37 gm. and showing no tendency to approach closer 
to equilibrium with continuance of the low calcium intake. 
These experiments therefore indicate for the woman of 50 to 52 
kilos (IX) a minimum requirement of 0.64 gm. of phosphorus 
and 0.35 gm. of ealeitum; for the woman of 57 kilos (L) a require- 
ment of at least 0.60 gm. of phosphorus and 0.31 gm. of calcium. 
If, for convenience of comparison with experiments upon men, 
the results are calculated to a basis of 70 kilos on the assumption 
that the requirement is directly proportional to the body weight, 
the data would indicate the equivalent of 0.90 and 0.74 gm. of 
phosphorus, and 0.49 and 0.38 gm. of calcium “ per man per day” 
respectively. 

Considering the data of all three experiments there does not 
appear to be any distinct monthly cycle in the metabolism of 
either nitrogen, phosphorus, or calcium (except for the previously 
known tendency to retain nitrogen for a day or so at the begin- 
ning of the menstrual period) nor was the output of any one of 
these three elements in the menstrual flow large enough to affect 
materially the estimate of the daily requirement for normal 
metabolism as averaged for the entire month. From this stand- 
point the menstrual flow is essentially a blood loss and as such is 
important to the balance of intake and output of iron, but of minor 
consequence In the nitrogen, phosphorus, or calcium metabolism. 


EXPERIMENTAL. 
Daily Intake. 


Table L shows the kinds and amounts of foods consumed by 
each subject in each of the three experiments. 

In experiment I the subject took a mixed diet including meat, 
breadstuffs, fruit, fats, and sugar in normal amounts. It was 
planned to furnish ample calories and protein while making the 
intake of phosphorus and calcium low enough to test the require- 
meat for each of these elements. 
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TABLE I. 
Kinds and Amounts of Foods Eaten, with Daily Intake of Calories, Protein, 
Phosphorus, and Caleitum in Each of the Three Experiments. 


| Experiment I. | Experiment IIL. experiment ITI. 
| Subject kK, | Subject L, Subject Kk, 
| kg. 57 kg. 50 kg. 


gm | gm. gm 


232 | 81 


Calories§....... 2,137 (1,735)T 1,835 2,193 
Protein}... .. 61.90 42.40 gm. 41.60 gm. 
Nitrogen... 9 90 6 SO * 6.70 
Phosphorus. * 0.53 “ 


* First period only. é 
“and seeond periods only. 

three periods only. 

$ Caleulated from tables by Atwater and Bryant. 
| By analysis of all artieles of food and drink. 
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In Experiment II the diet contained legumes instead of meat 
and in addition normal amounts of bread, butter, fruit, and sugar. 
The energy value and protein content were somewhat lower than 
in Experiment I, ‘but approximately sufficient for maintenance, 
while the phosphorus and calcium content was sufficiently below 
the probable requirement to induce a minimum rate of metabolism 
of these elements. 

In Experiment II] the diet was of the same character as in 
experiment II except for a somewhat more liberal energy intake 
the subject being the same as in Experiment I. 


Daily Output. 


Tables II, HII, and IV show the daily output of nitrogen, 
phosphorus, and calcium in Experiments I, I, and III respectively. 


Comparison of Intake and Output. 


Table Vo summarizes the average daily intake and output of 
nitrogen, phosphorus, and caleium for each period of each experi- 
ment. Experiments [ and IIT with K eovered 30 and 28 consecu- 
tive days, respeetively. Experiment IL with L covered 30. con- 
secutive days. 
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TABLE II. 
Daily Output of Nitrogen, Phosphorus, and Calcium in Experiment I 
(Subject K). 


| Nitrogen. Phosphorus. Calcium. 
| & eikie 
| 1916 kg. gm. | gm. gm. gm. | gm. | gm. | gm. | gm.| gm. 
I Feb. 17 52.77.531.01 8.54 0.510.250.76 0.100.28,0.38 
“18 | — 6471.01 7.48 0.540.250.79 0.110.280.39 
II 20 36. 761.01 7.77 0.470.250.72 0.140.280. 42 
“21 52.08 091.01 9.10 0.470.25,0.72 0.09.0.28.0.37 
52.18.09 1.01 9.10 0.470.250.72 (0.110 
HI 52.47.46.1.13 8.59 0.400 220.62 0.120.27,0.39 
52.27.531.13 8.66 0.45,0.220.67 0. 140,270.41 
“95 §2.47.711.13 8.84 0.400.220.62 0. 
| | 
IV | “ 26 |52.4 — 174 — 0.510.300.81 0.120.390.51 
7,691.74 9.43 (0.520.300.82 0.110.390.50 
“ 28 /51.49.181 0.510.300.81 0.110. 50 
V | Mar. 1 {51.57 8.79 0.410.25,0.66 |0.09,0.290.38 
“2 51.57.921.38 9.30 0.540.250.79 |0.090. 29 0.38 
“ 51.47.981.38 9.36 0.470.250.72 0.090.29.0.38 
| 
VI 97.75.0.84 8 59 0.520.230.75 0.080.290.37 
“5 50.97. 580.84 8.42 0.530.230.76 0.090 290 38 


VIE 7-50.75. 830.69 7.004 0.480. 17 0.66t 0.08.0.190.278 
320.69 491 0.490.170 670.080.190.275 
51.37.300.69 8 4740.53. 0.170.715 0.090.190. 288 


VIII “ 51.47.360.96 8 8070. 250.348 
“ |52.07.12:0.96) 8.08 0.560.210.78 0.090.250 34 
51.27. 36/0. 96 8 32 0.510.210.72 0.090 250.34 
| 
IX “ 51.37.291.40 8 69 0.480.260.74 0.100.300 40 


“14 51.16 991.40 8 39 0.420.260.68 0.070.300 37 
51.66.781 40 8.18 0.540 260.80 0.090.300.39 
Xx “ 16 52. 07.541.16 8 70 0.480 230.71 0.090 250 34 
“17 51.77.291.16 8.45 0.510.230.74 0.090 250.34 
“18 51.87.581.16 8.74 0.520 230.75 0.090.250.34 


be fet es be to eae per were an: weds asa s: 
— t+ Including 0.48 gm. nitrogen per day for each of these 4 days from men- 
strual flow. 
t Including 0.013 gm. phosphorus per day for each of these 4 davs from 
menstrual flow. 
§$ Ineluding 0.004 gm. caletum per day for eaeh of these 4 days from 
menstrual flow. 


37S 


| 
| 
2 
¥ 
: j 
mu 
| 
3} 
a? 
‘BF 
ult 
ag | 


Daily Output of Nitrogen, 


Experimental | 
period. 


VI 


Vill 


TABLE IIL. 


Phos phorus, 
(Subject L). 


and 


Calcium in Ea periment 


gm, 


on 
' ' 


~ 


0.251 
5.761 


5.221 
5.391 


71 


'5.22)1.2 

5.111.2 


.25 6.50 
257.01 


426 64 
426.81 
42:7.09 


56.47 


6. 36 


oot 0. 


Nitrogen. Phosphorus. 
gm. | gm. ! gin. | gm. | gm. 
961.168 12 0.390 290.68 
281.167. 44 0.410.290 
290.70 | 
7.441.438 87 0.410 310. 
}281.437.71 0.410.310.72. 
751.438 18 0.340.260.60 | 
461 437.89 0 330,260.59 
6.09 1.43.7.52 0.320.260 58 
| 
| | | 
3.601.227 82 0.360 250.61 
151 227 387 0 400.250 
041 227 26 0.340. 25,0.59 
07 1 467 53 0 330 260.59 
5.641.467.10 0.350 260 61 
6 TLL AGS 17 0 
501.356 85 0.310 260.56 
260.59 ¢ 
3.761.355. 2770.290 260 5510 
451 35,6. 964 0.290.260. 
111.35 0.330.260.5910. 
(761.357 7.2770. 34.0. 260.601 0. 
5.081.256 33 0.400.230 


63 0.15 


0.39.0.230.62_ 


0.330. 
0.420 
0.380. 


25.0. 
25.0. 
63 | 


25.0 


0.400.230.63_ 


5S 
67 


0.400. 


0. 320.2 


20. 


0. 33.0. 220. oo 


* The feces belonging to each period were analyzed as a aed si 

+ Including 0.164 gm. nitrogen per day for each of these 4 days from 
menstrual flow. 

t Including 0.004 gm. phosphorus per day for each of these 4 days from 
al flow. 

§ Including 0. O02 gm. caleium per day for each of these 4 days from men- 
strual flow. 
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~ 


x 
2 
© 
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Calcium. 
1915 j m. gm. gm. 
Feb. 17 OVO 220.31 
IS 12:0 .220.34 
120.220.34 
130.210. 34 
130.21 0.34 
130.23 0.36 
a 
“ 13.0.15.0.28 
120.150 27 
1120.150.27 
\ Mar. 1 56 120 2260 34 
2 120.220 34 
120.220 .34 
120 160 28 
OS 0.160.258 
30 16.0. 298 
“10 +=|56.1 0.190 34 
| 10.15.0.190. 34 
“ 13 156.0 — 0.21; — 
0.120.210.33 
0.130.190.3832 
0.110.190.30 
4 


TABLE IV. 


Daily Output of Nitrogen, Phosphorus, and Calcium in Experiment IT] 
(Subject K). 


Nitrogen. | Phosphorus. | Calcium. 
1916 | ky. | gm. | gm. gm. | gm. | gm. | gm. gm.) gm 
May 27 50.46 560 797.35 ) | 
“ 28 50.15.540.796.33 “0 47 0. 170.64 0.070 200.27 
49 85. 680.796.47 | 
I] “ 30 50.15.651.106.75 
| “ 31 |50.2\5.60/1.1016.70 | 
June 1 50.45.68 1.10 6.78 | 0.63 (0.0910 0.34 
| | | 
HI | “ 8 {50.1/5.691 10/6 .79 | 
“ | | | 
| mela ante ae |0.10.0.280. 
| | | 
Iv. | « 7 |50.115.1210.986.10 ) 
| 50.35. 430.986 41 9n 9 
50.26 020.987.00 | 0.370.260 63 0.120 .290.41 
“ 12 | — 15.650.796.44 | 
“ 14 || | 
VI | “ 15 }| | 
16 50.05.920.936.85 | 
0.380 260.64 0.120. 260.38 
“ WW 6.08 | | | 
| 
| 
| 90 | — | | 
49 966.160.897.364 0.420 280 120 290 418 
“ 22 | | | | 
The to each period were as a 
i + Including 0.31 gm. nitrogen per day for each of these 5 days from 
menstrual flow. 


t Including 0.006 gin. phosphorus per day for each of these 5 days from 
menstrual flow. 
§ Including 0.004 gm. ealeium per day for each of these 5 days from men- 


strual flow. 
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TABLE V. 
Summary of Daily Intake and Output of Nitrogen, Phosphorus, and 
Calet ium, 
Nitrogen. Phosphorus. Caleium 

| Ag. | gm. | gm. gm. | gm. gm. | om. gm. 
[52,010.17 8.07 +2 100.690.79 —0.100.300.39 —0 09 
Il 52,110.05 8.66 +1.390.680.72 —0.040.300.: 39 —0.09 
52 310.04 8.70 +1.340.73.0.64 11 
IV 31.9 9.77 10 27 —0 500. 63.0. S1)—0.180 290.50 —0 21 
Subject \ 9.96 9.15 +0.81 0. 700. —0.02,0 290.38 —0.09 
K 3 50-9; 9.59) 8.62) +0.97) 0.670. 73 —0.06/0.29.0.38, —0.09 
51.1) 9.44) 8.32 41.120 670.68 —0.01)0.3010.28 
periods. | VIII* [51.5] 9.90 40 +1.500 710.74 —0.030 300.34 —0.04 
IX 51.310 34 8.42 +1 .920.750.74 +0.01|0.300.39 —0.09 
X (51.8 9.88 8 6341.2 50.7 73.0. 73 *0.00/0.300.34 —0.04 
Average 516 991 $72 +1190 700. .03/0.300.38 —0.08 
57.9 7.26 7.61 —0.35.0 560.69 —0.130.270.33 —0.06 
(57.6, 7.15) 36,0. 550.71, —0.16.0 270.35 —0.08 
Experi- 57.0 6.77 7.86 —1.090.560.59| 
ment | 6.59 7.48 —0.890. 180.62 —0.14/0 280.27 +0.01 
Subject 0 6.72) 7.60 —0 530.61 —0. 080 280.34 —0.06 
L, 3 day, VI*#56.6 6.38 6.26 +0.120.510.58 —0.07/0.280 28 +0.00 
periods. VIL | — | 6.61 6.61) +0.000.5 520.63 280 33, 
VIII 56.0 6.98 6.85 +0 130.55.0.63 —0 080 280.34 —0.06 
56.6 6.59 6.50/+0.090 53.0.57 —0.040 28/0 30, 0.02 
Average 57.0. 6.78 725-04 0 53.0 063 100.280 
6.68 6 72 —0.040 57 0. 0.64 —0.070 270 27 + 0.00 
Experi- | If 50.3 6 76 6 7440020. 57.0. 63) —0.06.0. 27 0.37) —0.10 
ment TIE (50.1 6.73 6 62 +0 110.570. 62 —0.05:0 280.38 —0.10 
Subject 50.2 6 47 «6-56 —0.090 56.0 63 —0.07 0 270.41 —0.14 
K,4day 6.69 6 87 —0 180.560 63 —0.070. 270.39 —0.12 
periods. | VI 49.7 6 56 +0 010.570. 64 —0 070.270 38 —0.11 
VII* 49.7 6 63 7.03 —0 —0.13 
Average 0 6.65 6 —0 000. 570 64 OF 27 0.37 —0.10 


* Menstrual period. 


6 day period. 
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EXPERIMENTS ON THE NUTRITIVE VALUE OF MAIZE 
PROTEIN AND ON THE PHOSPHORUS AND CAL- 
CIUM REQUIREMENTS OF HEALTHY WOMEN.* 


By H. C. SHERMAN, LUCILE WHEELER, ann ANNA B. YATES. 


(From the Chemical Laboratories of Columbia University, New York.) 


‘Received for publication, Mareh 13, 1918.) 


The experiments described in this paper were designed to con- 
tinue the study of the phosphorus and calcium requirements of 
healthy women, a part of which has been recorded in an earlier 
communication from this laboratory! and to include also a pre- 
liminary study of the efficieney of utilization of maize products 
in human nutrition. 

Two experiments each including several periods (or two series 
of consecutive experiments) were performed with each of two 
young women, Subjects M and N. In the first series a uniform 
diet consisting of wheat bread, butter, peanut butter, milk, meat, 
apples, and grape juice was followed for 28 days and the nitrogen, 
phosphorus, and caleium balances were determined in seven 
consecutive periods of 4 days each. 

In the second series, diets containing corn meal were used. 
Subject M took for 23 consecutive days a uniform diet which 
included 200 gm. of corn meal per day, about one-third of the 
protein being thus derived from maize. Subject N in the second 
series took for 20 days a diet consisting largely of wheat bread 
and then for 8 days substituted corn meal for a part of the wheat 
flour used in making the bread and also for part of the sugar pre- 


* The experiments described in this paper were made possible by the 
cooperation of the Department of Social Welfare, New York Association for 
Improving the Condition of the Poor, to which we are indebted for a grant 
from the research fund established by Mrs. Elizabeth Milbank Anderson. 

' Sherman, H. C., Gillett, L. H., and Pope, H. M., J. Biol. Chem., 1918, 


XXXIV. 373. 
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of The experience of these subjects indicated that without the use 
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viously used, about one-fifth of the protein of the diet of these 8 
being derived from maize. 


of eggs or of a liberal amount of milk in cooking, it is difficult for a 
person not previously accustomed to eating maize to take more 
than about one-fifth of the food protein in this form constantly 
day after day, together with an equal or greater amount of wheat 
flour, without unfavorable influence upon appetite or digestion.’ 
The use by M of 200 gm. of corn meal daily, enough to furnish 
one-quarter to one-third of the calories and protein of the diet, 
was attended by nitrogen equilibrium on a protein intake of 46 
gin. (body weight 59 kilos) showing that the diet as a whole was 
efficiently used in the protein metabolism; but its use for 3 weeks 
led to digestive disturbance which the subject felt was directly 
attributable to the continued consumption of this large pro- 
portion of corn meal. In this connection, however, it must be 
noted that the experimental conditions were unusually severe in 
that the amount of corn meal used each day was about equal to 
the usual entire consumption of breadstuffs and other cereal 
products, and along with this was taken about an equal amount 
of wheat flour, so that there was an undue preponderance of 
bread and mush in the diet with no meat or eggs, and only very 
limited amounts of milk, fruits, or vegetables. 

Considering the nature and circumstances of the experiment, 
the results must be regarded as highly favorable to the efficieney 


a As regards the evidence of these experiments upon phosphorus 


of maize protein in normal (adult) human nutrition, (1) beeause 
the continued use of a low protein diet, in which 47 per cent of the 
total protein was from wheat flour and 31 per cent from corn meal, 
showed the latter to be efficiently used in the maintenance of 
nitrogen equilibrium, and (2) because the abrupt substitution of 
msuze protein for wheat protein to an extent affeeting one-fifth 
of the total protein intake was without any unfavorable effect 
upon the nitrogen balance. 


requirement, M (weighing 57 and 60 kilos) showed after the first 


*Inalater experiment by another subject, a much larger amount of corn 
meal was eaten without disturbance of appetite or digestion; but in this 
ease 1t was cooked at a higher temperature and the diet contained no other 
starchy food, 
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3 days of the first series, a fairly regular output averaging 0.73 
gin. Of phosphorus per dav, which would appear to represent her 
minimum requirement under the conditions of this experiment 
inasmuch as it involved a continued minus balance which the 
body was apparently unable to bring to equilibrium by effecting 
even a small decrease in its rate of phosphorus metabolism. 
In the second series the output for this subject was almost the 
sume as in the first series, vzz., 0.71 gm. of phosphorus per day. 
Subject N (weighing 54 and 55 kilos) showed in the first series a 
minimum output for a single 4 day period of 0.69 gm. of phos- 
phorus per day with an average of 0.78 gm. In the second series 
which was less well adapted to test the actual requirement of the 
phosphorus metabolism she showed during the last period of 4 
days a minimum output of 0.70 gm. of phosphorus per day. 
The metabolism of 0.71 and 0.69 gm. of phosphorus per day 
as minima for these two women weighing 60 and 54. kilos 
respectively, would, if computed on the assumption that the 
requirement is proportional to the body weight, correspond to 
0.83 and 0.89 gm. respectively as the minimum requirement of a 
man of average size (70 kilos) per day. This is in satisfactory 
agreement with the corresponding data for the two women 
previously studied which were 0.91 and 0.72 gm. of phosphorus 
per 70 kilos of body weight respectively. 

The ealctum metabolism was studied in only the first series of 
experiments with each subject. Subject M> showed after the 
first 3 days an average output of 0.24 gm. of caletum per day in- 
volving a persistent negative balance with no tendency toward 
equilibrium. This therefore probably represents her minimum 
rate of calcium output and somewhat less than the minimum 
amount on which equilibrium could) have been established. 
Subject N showed an average daily output of 0.34 gm. with per- 
sistent minus balanee and no tendeney to equilibrium. The 
two subjects previously studied weighing 50 and 58 kilos respee- 
tively showed calcium minima of 0.35 and 0.31 gm. per day. — If 
the data for the four women (Subjects kK, L, M,N) are caleulated 
to a uniform basis of 70 kilos of body weight they become equiva- 
lent to 0.49, 0.38, 0.29, and 0.44 em. of caletum “ per man per day” 
respectively. Relative to the actual amounts involved these 
figures would superficially appear to show a distinetly larger 
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individual variation in the caleium than in the phosphorus 
requirement, but as noted above the lowest figure for calcium 
may very likely be less than the minimum amount on which this 
subject could have established equilibrium. For the three 
subjects in whom there was approximate equilibrium, the indi- 
vidual variations are not large, the caleium output being 0.49, 
0.38, and 0.44 gm. per 70 kilos of body weight per day, respectively, 
and the average is substantially identical with the average of all 
the data on calcium requirement in normal human nutrition which 
we have found. Although the data reported in 63 individual 
experiments range from 0.27 to 0.78 gm., a range so wide as to 
throw doubt upon the validity of the average, yet since the 
average of all these experiments and the results of the three 
extended studies here referred to are in such close agreement, it 
seems probable that this average of 0.45 gm. of calcium per 70 
kilos of body weight per day does approximately represent the 
minimum maintenance requirement for normal human nutrition. 


EXPERIMENTAL. 


Tables I to VII, which follow, give in condensed form the 
quantitative data of intake and output for the four experiments 
herein deseribed. 
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TABLE I. ti 
Kinds and Amounts of Foods Eaten, with Daily Intake of Calories, Protetn, 
Phosphorus, and Caletum. 


Experiment LV. 


Experiment | Experiment Experiment 
| | II. 


“ined of food. Periods | Periods 
Subject M, Subject N, Subject M, | I-V. | VI-VII. 
57 kg. S4kg. | S59kg. {| Subject N, | Subject N, 
| | 55 kg. 55 kg. 
gm. gm. gm. | gm. gm. 
100 SO SO SO 
went .. 22 125% 

2a 25 30 oO 29 
~~ 35 35 35 
125 105 200 200 200 
Grape juice ........ 300 150 — — 
Peanut butter... 30. 20 — 
| — | 10 10 10 
Calories§........... | 2,994 2017 | 2,664 | 2,363 | 2,345 
64.3 gm. 64.3 gm. | 46.9 gm. 44-4 gm. 41.2 gm. 
Phosphorus||.. ..... | 0.68“ | 0.73“ 0.50 1.00% 0.60" 
Cait ....| 0.14] 0.25 “ 0.48“§ | 0.468 0.44 

* Period I only. 


* Periods I, II, and IIT only. 

Periods TI-V. 

$ Caleulated from the revised tables of Sherman.°* 
By analysis (protein = nitrogen X 6.25). 


‘Sherman, H. C., Chemistry of Food and Nutrition, New York, 2nd 
edition, 1918. 
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TABLE II. 


Daily Output of Nitrogen, Phosphorus, and Calcium tin Experiment 1 


(Subject M). 


II 


IV 


VI 


* The feces belonging 


Nitrogen. 
2 
= 
1915 kg. | om. | om. gm. 
May 26 57.1) 6.891.002, 7.91 
57.010.62)1.02 11.64 
“ 28 9.90)1.02/10.92 
“ 29 |56.4) 8.80)1 9.82 
(56.6; 9.20.0.81 10.01 
31 (56.9 8.580.81 9.39 
June 57.3) 9.400.81 10.21 
“ (56.9) 9.37/0.81)10.18 
157.0) 8.97|1.11/10.08 
“4 57.0) 9.39)1.11/10.50 
'57.1) 9.421.11)10.53 
“ |56.7| 8.72)1.11) 9.83 
| | | 
7 (56.7) 9.500.8211.13% 
“ {56.9} 8.660.82/10. 294 
56.8) 
56.6 9.420. 82 11.05% 
| | 
57.010.01.0.89 10.90 
“12 56.6 8890.89 9.78 
“ 55.9 9 590.89 10.48 
14 56.6, 8.330.89 9.22 
1557.1) 9.42.1.2910.71 
“ 16 (56.8 8.761.29:10.05 
17 «57.3; 8.081.29' 9.37 
18 (57.2) 9.28)1.29)10.57 
(57.5) 9.76.0.78 10.54 
“ 56.7 10.04.0.78 10.82 
“ .00 
5 9 


Ze 


680.78 10.46 


Phosphorus. 
¢i¢t-¢4 
3 
| 
~ 

——|—-. 
gm | gm gm. 


0.590.210.80 
0.59.0.210.80 
0.59.0.21 0.80 
0 590.210.80 


0. 54.0. 15.0 69 
0.540.15.0.69 
0.540. 150.69 
150.69 


0.170. 
170. 


170. 


te 


to to to to 


0.570.170.7 
0.570.170.7 
0.570.170.7 
0.570.170.7 


Calcium. 


= 
gry gr. gm. 


0.080.200.2 
0.080.200. 
0.08 0.2000. 
0.08 0.200.: 


0.11 
0.11 


~ 


0.120.120.2 
120. 120. 
120.2 
120.2 


0.130.090. 
0.130.090, 
0.130.090. 


23 
0 0.23 
0.120.110. 

0 23 


23 


to each period were analyzed as a single sample. 


In this experiment the same is true of the determinations of phosphorus and 
ealcium in the urine. 

Including gm. nitrogen 
0.015 


+ 
+ 


phosphe 
ealeium 


‘ 


ae 


4 oe 


ac 4 


for each of 4 davs from menstrual flow. 


mental | 
period. | | 
| | | 
| | 
| 
| 0.23 
| | 0.25 
0 
| 0.11 23 
0.60 4 
| 4 
| 0.600 1 
| | | | | 
0.600.13.0.74% 22§ 
0.600.138 
0.744 22$ 
0 600.13.0.745.0.13 0.09.0, 228 
| | | | | | 
0.570.170.74 |0.150.120 27 
|0.150.12.0.27 
0.570.170.74 |0.150.120.27 
| 0.570.170.74 (0.150.120.27 
| | | | 
| 0.130.150. 28 
0.13.0.150.28 
| 0.13.0.15.0.28 
10.13.0.15.0.28 
Vil 4 | 
= 4 | 
4 | 
rif | | | | | 


peri- 
mental 
period. 


— 


Sherman, Wheeler, and Yates 


Day. 


June 1 
2 


16 


IS 


19 
20 


TABLE III. 
Daily Output of Nitrogen, Phosphorus, and Calcium in Experiment IT 
(Subject N). 


* The feees belonging to each period 
In this experiment the same is true of 
and ecaletum in the urine. 


* Including 0.638) gm. nitrogen foreach of 5 days from menstrual flow. 


44> > 4 


ae 


0.0090 * 
0.002 


phosphorus 


ealelum 


** 


2 Nitrogen. | Phosphorus. Calcium. 
| 
m | | 
isg. gm. gm. | gm. | gm. | gm. | gm. gm. | gm. gm. 
8.34 1.66 10.63+ 0.520. 29.0. 
9.45 1.66 11.744 0.520. 290.825 
7.4131.66 9.724 0.520.290. 821 0.100.250.3258 
3.9 8 271.6610 564 0.100.25 0.355 
| 
54.9 8 691.2410 564 0.560 210 7810.10.19 0.338 
8 101.24 9.34 0.560 210.77 0.130.190 
5.2) — 1.24) — | 0.560.210.77 |0.130. 190.32 
54.6 8.4/1.1) 9.55 0.140.180.32 
54.5 9.591.1110.70 | 0.580.200.78 0.140.180. 32 
54.3. 9.79111 10.90 | 0.580.200.78 0.140.180.32 
54.1 9.08 1.111019 0.580.200.78 0.140. 180.32 
| 
9 841.05 10.89 0.590.210.80 0.130.190.32 
54.4 8831.05 0.590.210.80 0.130.19 0.32 
54.6 9421.05 10.47 0.590.210.80 0.130.190.32 
34.3 8781.05 9.83 
8971.05 10.02 | 0.510.180.69 0.180.1810.38 
34.6 7.931.05 8.98 | 0.510.18 0.69 0.180.180.36 
7.601.05 0.510.180.69 0,180.18 0.36 
1.1) 8.641.05 9.69 | 0.510.180.69 (0.18 0.180.36 
47 9 821.1210 94 0.190 190.38 
55.010.101.12 11.22 | 0.620.210.83 0.190.190 28 
4.510.361. 1211.48 0.620.210.83 |0.190 190.38 
1310 041. 1211.16 0.190.190.3838 
| | | 
53.6 9.82 1.18 11.00 0.600.220 82 |0.170.200.37 
10.361.18 11.54 | 0.600. 220.82 |0.170.200.37 
3.7 9 111.1810.29 | 0.600 220.82 10.170.200.37 
3110. 041.18 11.22 0.600 220 82 19.170 200.37 


were analyzed as a single sample. 


the determinations of phosphorus 


ee 


ae 


4 
4 
a 
Ge 
| May 26 He 
Re 
ae 
30) Be 
RE 
Bice 
+e 
** 
10) 
\ 1] 
BRS 
; 
Vi “ 
TEX 
“4 
| 
. 


390 ~=Phosphorus and Calcium Requirements 


TABLE IV. 
Daily Output of Nitrogen and Phosphorus in Experiment IIT (Subject M). 


| 
experimental. Body Nitrogen. | Phosphorus. 


period, weight. | 
| Urine. | Feces. *| Total. | Urine. | Feces.*, 

OF, 7.32 | | 
a 


9.83 


~ 


t 


sj 


sj] 


| 


- 
~ 


| 59.4 


1.08 
59.9 | 5.87 | 1.08 


| 59.6 | 


0.48 
0.48 | 


' wt 


- 
~ 


aj ej] 


* The feees belonging to each period were analyzed as a single sample. 
in this experiment the same is true of the determination of phosphorus 
in the urine. | 

+ Weights given include summer clothing which weighed approximately 
1.5 kilos 

t Including 0.84 gm. nitrogen for each of 4 days from menstrual flow. 


).73 
).73 
| 
| 

I] 7 59.3 6.68 0.53, 0.21 0.74 
a “ | 59.3| 7.44] 0.85; | 0.53 | 0.21 | 0.74 
22t | 0.53 | 0.21 | 0.75§ 
59.3 | 6.24; 0.85 | | 0.53 | 0.21 | 0.768 
59.3 6.38 1.04! 0.42) 0.24 0.68§ 
59.5) 6.06) 1.04) | 0.42 0.24) 0.67§ 
59.8 608 1.04, 0.42 | 0.24 | 0.66 
“14 | 59.9 | 6.72 | 1.04; | 0.42 | 0.24 | 0.66 
a | | | | | | | 
599° 650'0.70 9.00 | 0.50 0.16 0.66 
59.9 6.52 0.70) | 0.50 | 0.16 | 0.66 
“47 59.9 6.52) 0.70 | 22. 0.50 | 0.16 |) 0.66 
60.2 5.70) 0.70 | 0.50) 0.16 | 0.66 
| 
| | | | 
\ 5.72 11.08] 6.80 | 0.43 | 0.27 | 0.70 
“20 6.43! 1.08] 7.51 | 0.43 | 0.27 | 0.70 
6.58) 1.08) 7.66 | 0.43 | 0.27 | 0.70 
6.02} 1.08; 7.10 | 0.43 | 0.27 | 0.70 
a | | | | 

V1 7.29 | 0.48 | 0.27 | 
+ 6.95 | 0.48 | 0.27) 0.— 
@ 7.83 0.27 | 0 
7.30 0.27 | 0. 

; 
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Daily Output of Nitrogen and Phosphorus in Experiment IV (Subject N). 


experimental Day | Body | Nitrogen. Phosphorus. 
Urine. Feees.* Total. Urine. | Feces.*| Total. 
wir | gi. | gm. | gm. 
July 55.2) 5.63 054) 617 060 0.14 0.74 
“ | 55.1 | 4.44] 0.54] 4.98 | 0.60] 0.14 | 0.74 
“ 9 | 55.1] 5.50/1.18) 6.68 | 0.72| 0.59] 1.22 
“ 10 | 55.4 | 6.55 | 1.18.) 7.73 | 0.72 | 0.50 | 1.22 
| 
“ | $5.2) 6.92) 5:40) 7.82 | | 0:56) 1.2 
“2 | | 0.56 | 1.2 4 
54.9 | 5.80; 1.40) 7.20 0.56) 1.27 
“14 | 55.1 | 5.82} 1.40] 7.22) | 0.71 | 0.56 | 1.27 
| 
IV 55.2 | 6.32] 1.16; 7.48 | 0.62 | 0.58 | 1.20 
“16 | 55.2|6.77|1.16| 7.93 | 0.62 | 0.58! 1.20 
“ 17 | 55.0 | 6.55 | 1.16 | 7.71 | 0.62 | 0.58 | 1.20 
| 6:27 7.48 | 6.58) 1.20 
| 
| | | | 
\ “ 19 | 54.9| 6.38| 1.22] 7.60 | 0.57 | 0 56/ 1.13 
54.8 | 6.11 | 1.22] 7.33 0.57 | 0.46 1.13 
54.7 | 6.20 | 1.22 | 7.42 | 0.57 | 0.56 | 1.13 
3.0 | 6.32 | 1.22] 7.54 | 0.57 | 0.56 | 1.13 
VI “ 23 | 54.7| 6.07/0.96| 7.08 | 049: 0.26/ 0.75 
“ 24 | 54.81] 5.87 | 0.96] 6.83 | 0.49! 0.26| 0.75 
2% | 6.32 0:40 | 0.26 | 0.75 
“ 26 | 55.0) 5.29} 0.96 | 6.62¢ | 0.49 | 0.26 | 
Vil “ 97 | 55.4/ 5.38 | 0.89; 6.64¢ | 0.48 | 0.21 | 


55.4 5.82 | 0.89 | 7.08t | 0.48; 0 21 | 
551534 089; 6.60t 048 0.21 | 0.70f 
| 6 37t | 0.48 | 0.21 | 


wt 
st 


* The feces be onging to each period were analyzed as a single sample. 
In this experiment the same is true of the determination of phosphorus in 
the urin:. 


+ Including 0.37) gm. nitrogen for each of 5 days from menstrual flow. 
sé 
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TABLE VI. 

. 
ag be Summary of Daily Intake and Output of Nitrogen, Phosphorus, and Calcium 

in Experiments and IT. 

4 | Nitrogen. | Phosphorus. Calcium. 

| Be) In- | Out-| Bal- | In- | Out-' Bal- In- QOut-  Bal- 
| & |! | take.| put. | ance. take put. ance. jtake. put. ance. 
% ie | Ag. | gm. | gm. | gm, gm. | gm. | gm. gm. | gm. gm. 
Experiment 156.710.3010 07 +0 230 680.80 —0.120.140.28 —0.14 
Subject M, 4 | 1156.9 10.32 9.95 +0. 370.67 0.69 0.25 —0.08 
a day periods. | 111 57 0.10.36 10.26 +0. 100.69 0.77 —0.080. 140.24 —0.10 
| 1V 56.810. 15 10 86'—0.7110 650.74 —0.090.14 —0.08 
10.10 200.68 0 —0.06,0. 130.27 —0.14 


110.3410 18 +0 160.690.72 —0.030 130.28 —0.15 
| VII 56.9 10. 1910.70 —0.510 680.74 —0.060.13.0.23 —0.10 
Average........ 56. 810.28 10.30 —0.02.0.680.74 —0.060.140.25 —0.11 
[at | | | | | | 

ae | | | | | | 

experiment IT. 154.210.3310. 66 —0.33.0 740.82 —0.080.25,0.35 —0.10 
Subject N, 1155 010.3610.11 +0.25,0.730.78 —0.05,0. 260.33 —0.07 
day periods. 111.54. 410.4110 34 +0 07.0.75.0.78 —0.03)0. 260.32 —0.06 
IV 54.410 12 10.27 —0.150.700.80 —0.10/0.25.0.33 —0.08 
V 54.310.28 9.33 +0.950.740.69 +0.05)0. 250.36 —0.11 


V154.6. 10.33 11.20 —0.87,0.73.0.83 —0.10)0.25.0.38 —0.13 
53 410.17 11.01 —0.840.73 0.82 —0.09)0.25.0.36 


we 


0.11 


0.73.0.79 —0.0610.25.0.35 —0.10 


{ 


| 


Average.......) 54.3110. 2910.42 —0.18 
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TABLE VII. 


Summary of Daily Intake and Output of Nitrogen and Phosphorus in Experi- 


ments and IV. 


| Nitrogen. Phosphorus. 
 Period.|_ |— 
| we | In-| Out-, Bal- | Out-| Bal- 
take. ance. take ance. 
kg. | gm. | gm. gm. gm.!gm.| gm. 
kixperiment 59.147. 264 24] +0.02 0.52 0.73) —0.21 


Subject M, 4 day periods. —0.17.0.600.75 —0.15 
ALL (59. 6+.7.65,7.77 —0.120.600.67,—0.07 

60.047 .63'6.96 0.610.665 —0.05 

V 60.067 487.27 +0.210 610.70 —0.09 

VI 59.74 0.75 -0.14 


Same for | LV. | +0.280 610.70 —0.09 


| 


— 


Experiment IV. | t 55.2 290.57 0.74) -0.17 
Subject N, 4 day periods. 55.0 6.937 23 —0.301 .10}1.22)—0.12 
«(55.1 


967.64 —0.68 1.10 1.20 —0.10 


— 
Ge Ga 
w 
_~ 


Vo 54.9 6.897.47 -0.58 1.11 1.13 —0.02 

VI 54.9 6586.70 —0.120.600.75)—0.15 

VII 55.2 6 576.67 —0.10 0.61/0.70|—0.09 

55.0 6976.94 +0.030.88 1. 12 


Same for Periods VI and V IH. 


*3 day period only. All other periods were 4 days each. 

* Weighed in summer clothing which was approximately constant at 1.5 
kilos. 

+ 


t 2 day period only. All other periods were of 4 days each. 
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THE INFLUENCE OF NEUTRAL SALTS UPON THE 
VISCOSITY OF GELATIN SOLUTIONS. 


By JACQUES LOEB. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, March 30, 1918.) 


When dried pig’s bladder or powdered gelatin is treated with 
a neutral salt a certain swelling occurs; after the salt is washed 
away amuch greater additional swelling is noticed when the cation 
of the neutral salt used was monovalent. When the eation of the 
salt used was bivalent no such additional swelling oeecurs.' These 
phenomena had been explained by the writer on the assumption 
that neutral salts with monovalent cation (Li, Na, kK, NH) form 
with gelatin and certain other proteins highly ionizable metal 
proteinates which dissociate electrolytically into positive 
metal ion (that of the salt used) and a negative protein (gela- 
tin) ion. It is the latter which is responsible for the additional] 
swelling after the exeess of the salt is washed away, the ioni- 
zation of the metal gelatinate being repressed in the presence 
of the excess of salt. The salts with bivalent cation (Me. Ca, Sr, 
Ba) were assumed to form non- or less ionizable metal gelatinates 
and henee no or little additional swelling of gelatin was observed 
after the excess of neutral salts of bivalent cations was washed 
away.’ 

The new experiments reported in this note were undertaken 
with the intention of testing the idea that the difference in the 
influence of the monovalent and bivalent cations upon the addi- 
tional swelling is due to a difference in the degree of tonization of 
the metal gelatinates with monovalent and bivalent eations. 


Loeb, J., J. Biol. Chem., xxxi, 345. 
2 Loeb, J. Biol. Chem., LOIS. 531. 
3 Loeb, J. Biol. Chem., 1918, xxxiv, 77. 
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It has been pomted out by various authors——-Laqueur and Sac- 
kur,’ Hardy,? Pauh,® Bottazzi,?7 and Rebertson’—that solutions 
of ionized protein have a much higher viscosity than solutions of 
the same protein In non-ionized condition. These statements are 
based on experiments with acids and bases, but not with neutral 
salts. If they are correct-——as they seem to be—then the meas- 
urements of viscosity should offer a means of testing our hypothesis 
that neutral salts with univalent metal (type NaCl and NaeSO,) 
react with gelatin under formation of highly ionizable metal 
gelatinates (¢.g. sodium gelatinate), while neutral salts with biva- 
lent metal (type CaCls) form metal gelatinates (e.g. caleium gelat- 
inate) which are not or only slightly capable of lonization. 


I. 


The method of our procedure was as follows. 1 gm. of finely 
powdered gelatin was put into 100 ec. of a neutral salt solution, 
whose concentration was generally M,8, and left in this solu- 
tion for about 1 hour. The powder was _ stirred repeatedly 
in the solution. It was then poured into one of the cylindrical 
funnels deseribed in the previous papers and the salt solution 
was allowed to filter off as much as possible. To remove the 
last traces of salt solution the gelatin mass was then perfused four 
times with 25 ce. of HeO. Tests with silver nitrate showed that 
the water filtering off in the fourth perfusion no longer gave a 
precipitate when the salt used was a chloride. The removal of 
the salt solution is necessary since its presence represses the loni- 
zation of the metal gelatinate formed. It was the neglect of this 
precaution which led to the erroneous results of some previous 
experimenters on the action of neutral salts on proteins. Hence 
our viscosity measurements were all made with gelatin freed from 
the excess of the salt (with which it had been treated) and dissolved 


Laqueur, and Sackur, O., Beitr. chem. Physiol. u. Path., 1908, iii, 
1935. 

> Hardy, W. B., J. Physiol., 1905-06, xxxili, 251. 

* Pauli, W., Fortschr. naturwiss. Forschung, 1912, iv, 223. 

7 Bottazzi, F., Attt. Accad. Lincet, 1913, xxu, pt. 2, 141, 263. 

§ Robertson, T. B., The Physical Chemistry of the Proteins, New York, 
1918, 320. 
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in distilled water (and not in the salt solution with which the gelatin 
had previously been treated). 

It is well known that the viscosity of gelatin solution increases 
with standing even if the solutson remains liquid. This has been 
aseribed to the fact that the gelatin solution has a similar struc- 
ture to the solid gelatin,® but that this structure is only gradually 
reached by the liquid. We may say that gelatin solution upon 
standing changes towards a gel structure though it may never 
reach the actual gel stage. Since we now know through the work 
of Langmuir that molecules are not spherical, but that we may 
have to conceive them in the ease of proteins as having a chain 
structure, We may assume that the steady increase of viscosity 
of gelatin solution upon standing is due to a gradual orientation 
of gelatin molecules or ions towards the arrangement they possess 
ina solid gel., On that assumption we understand also the influ- 
ence of temperature upon the viscosity of gelatin solutions. 

Reproducible measurements of viscosity of gelatin solutions 
‘an only be obtained when these two chief influences, time and 
temperature, are kept equal. Our mode of procedure was as 
follows. 

After the mass of gelatin had been washed free from the salt 
solution with which it had been treated it was liquefied by heating 
in a water bath at about 50°C. for about 10 minutes. The 
solution containing | gm. of the dry gelatin was then made up to a 
volume of 100 ce. by adding the necessary amount of dzstrlled 
water and the temperature of the solution lowered to 24°C. The 
viscosity was determined zmmediately at that temperature, the 
Ostwald viscometer being in a water bath of 24°C. 

In this wav we got comparatively constant and reproducible 
results. The slight variations observed for the same. solution 
were due to the fact that in some cases the gelatin was liquefied 
immediately after perfusion while in other experiments we waited 
until the next morning. In the latter case the viscosity was 
always lower, possibly on account of some hydrolysis or putre- 
faction. 

The time of outflow of distilled water through our viscometer 
was 53 seconds at 24°C, | 

A 1 per cent gelatin solution made up of powdered gelatin 
washed repeatedly with distilled water gave in different experi- 
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ments the following times of outflow: 84, 83, 78, 84, 86, 80, 83, 
76, 83, 82, 83, and 84 seconds, averaging 82 seconds. We may 
therefore say, a 1 per cent solution of the gelatin used by us (pos- 
sessing a negligible degree of electrolytic dissociation) has a vis- 
cosity corresponding to a time of outflow of 82 seconds through 
our viscometer. 

It seemed advisable to determine the influence of the con- 
centration of the salt solution used upon the result. For this 
purpose | gm. of finely powdered Cooper's non-bleached gelatin 
was put for | hour into each of a series of beakers containing 
100 ce. of a NaCl solution varying from mM/2 to mM 1024 in con- 
centration. After this the gelatin from each solution was put 
into a separate evlindrical funnel, drained off, and perfused four 
times with distilled water.* The water running off in the fourth 
perfusion was practically free from chloride when the gelatin had 
been treated with an mM 8 solution of NaCl The gelatin was 
therefore free from salt except that held in chemical combination. 
Three effects of the neutral salts upon the gelatin were measured, 
namely: 

1. The additional swelling; 7.e., the inerease in swelling which 
occurred in the evlindrical column of gelatin after the salt was 
washed away (and the ionization was no longer repressed). 
The additional swelling was measured in mm, of the height of 
the column of gelatin in the evlindrical funnels which all had the 
same diameter. 

2. The viscosity of the washed gelatin. The viscosity was. 
expected to increase parallel with the additional swelling, if both 
additional swelling and increase in viscosity were due to the same 
factor; namely, increased ionization of the gelatin. The viscosity 
measurements are given in times (seconds) of outflow through 
the viscometer. 

3. The amount of 95 per cent alcohol required to precipitate 
5 ec. of a Ll per cent gelatin solution (washed) and made up in 
distilled water. According to Pauli, ionized protein loses its 
preeipitability by alcohol. Henee when the ionization of the 
gelatin execeds a certain limit it should cease to be precipitable 
by aleohol. We assumed that this limit was reached when 25 ce, 


® Those treated with Mm 2 and uw 4 NaCl were perfused six times with 


25 ee. of distilled water. 
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or more of alcohol no longer gave a precipitate and we indicate 
this by the svmbol «. 

The reader will notice that in all cases the measurements were 
made on gelatin in the absence of the salt solution with which it 
had been treated. As has been stated in this and the previous 
paper, the measurements in the presence of salts are of restricted 
value, since the ionizing effect of the salt on the protein is con- 
cealed in the presence of the salt. 

Table I gives the three groups of measurements. 


TABLE I. 


— 


the supernatant solution by four perfusions with 25 ce. of distilled water. 


aia = = a = 


Additional swelling in mm. | 
of the height of the evl- Bes Bes | 
indrical column of gelatin.. 48 40 41 38 40 3024 20 YG 5.5 


Viscosity of 1 per cent gel- | 
atin solution in H.O in 
seconds of time of out- | 


| 99) 98: 97; 95; 93:90 (89 (Sf S86 
Ce. of 9 per cent alcohol 

required to precipitate 5 

ec. Lpercent gelatin solu- | 


These measurements show that beyond a concentration of 
M/S 2 further increase of concentration does not influence the 
results materially. We therefore used salts with univalent ions 
in this econeentration, while salts with bivalent ions were gen- 
erally though not always used in M 16 concentration. 


Ill. 


We now proceeded to test our hypotheses, namely: 

1. That neutral salts with univalent cation (type NaCl and 
NaesSQ,) form with common gelatin highly tonizable gelatin com- 
pounds (metal gelatinates). 


tee 
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2. That neutral salts of the alkali earth metals (type CaCl) 
form compounds with gelatin (metal gelatinates) which are only 
slightly dissociable. 

If these hypotheses are correct, we should expect, first, that 
gelatin treated for 1 hour with an M’8 solution of anv neutral 
salt with univalent eation (li, Na, K, NH) should (when freed 
from the excess of salt by perfusion with HeO) have a considerably 
Increased Viscosity; ¢.e., a time of outflow considerably higher than 
S82 seconds. Moreover, the time of outflow should be exactly the 
same tor all the salts used regardless of the nature of the cation 
as long as this is univalent, and regardless of the nature of the 
anion, Whether Cl, NOs, acetate, sulfate, tartrate, succinate, ete.: 
the only provision being that the salt solution originally apphed 
should always have the same concentration of the univalent 
cation (M S in our experiments). All this turned out as our 
theory demanded. In our experiments 1 gm. of powdered gelatin 
was allowed to interact for 1 hour with an M/8 solution of salts 
of the type NaCl and with m/16 solutions of salts of the type 
NaeSO, (bivalent anion). When the salt in the capillary spaces 
of the gelatin granules was washed away with distilled water, the 
times of outflow were found to be about 97 seconds (varying be- 
tween 95 and 102), regardless of the nature of the anion or cation 
‘as long as the latter was univalent) of the salt used. This was 
an increase in the viscosity of about 20 per cent. 

Second, if our hypothesis is correct, gelatin treated for 1 hour 
with Mm 8 or M 16 solutions of neutral salts of the alkaline earth 
metals should, when the salt solution in the capillary spaces of 
the powdered mass is washed away with HeO, give times of 
outflow not much higher than those found for common gelatin 
(S2 seconds). This also was found to be the case. Gelatin 
treated previously for 1 hour with M’8 or M 16 MgCh, CaCh, 
SrCl. BaCh, gave outflows between 82 and 87, which is only ¢ 
slight if anv increase over that of common gelatin. 

Gelatin treated with mM 8 cane sugar, M/8 glycerol, or M/8 
ethyl aleohol, gave times of outflow identical with those found for 
eommon gelatin. Table II gives the full results. The slight 
variations between members of the same group of salts are due 
to the fact that some viscosity determinations were made on the 
same day on which the gelatin was treated with the salt solution 
and others on the day following. 
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of salt. 


Nature of salt with whieh 
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IsCOSItV 
pressed in time 
of outflow) of | 
percent gelatin 


solution: gela- 


S 
| Na aecetate..... 
Univalent cation, uni- ue S 
valent anion. LINOs.. 
uw S 
MoS 
| ue 16 Nao malate........ 
Univalent cation, bi- | M16 Nag succinate.......... 
valent anion. | 16 
| | lo 
IV. | 


valent anion. | 


Non-eleetrolytes, | 


Glycerol........ 
(‘ane suguar..... 
Ethyl alcohol........... | 


tin treated 
with salt, then 
with He»eO to 
wish 
suit 


If it is true that the increase in viscosity is the expression of an 
increase in ionization of the gelatin, the faets found by us support 
our hypotheses: (1) that neutral salts with univalent cations form 
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with gelatin highly tonizable metal gelatinate compounds Which 
dissociate into a positive metal and a negative gelatin ion; and (2) 
that neutral salts with bivalent cation form metal gelatinates 
Which are considerably less ionizable. As far as the anion is 
concerned, its influence is neither noticeable in the additional 
swelling nor in the increase in viscosity. MgSO, and CasQ, act 
not differently from MgCle and CaCl, and NaCl not differently 
from NaesSO;, as long as the coneentration of the cation is the 
same. This means that the anion of the salt used cither does not 
combine with the protein at all or that if it combines it enters 
into a bondage where its influence is not noticeable. 

Finally, the results on viscosity support our statement drawn 
from the experiments on swelling that the action of neutral salts 
upon gelatin is of a stoichiometrical character, since the in- 
crease in the viscosity of the gelatin caused by a previous treat- 
ment with a salt solution is exaetly the same for all salts with 
univalent cations regardless of the nature of the anion or cation 
as long as the concentration of the cation is the same. This 
stoichiometrical result is entirely independent of the hypothesis 
that the increase in viscosity is due to an increase in ionization. 


IV. 


If we treat gelatin with HCl, gelatin chloride (or hydrochloride) 
is formed, which according to-our previous observations should 
react only with the anion of neutral salts, since such a compound 
dissociates preeminently or exclusively into a positive gelatin ion 
and a negative chlorion. Henee we should expect that a treatment 
of gelatin chloride with salts of the ealeium group would affect 
the viscosity of gelatin chloride (after the salt solution is washed 
away) qualitatively and quantitatively like the treatment with 
salts of the type NaCl, provided the concentration of the Cl ion 
is the sume: while the influence of the cations, Na and Ca, which 
Was so strong in the ease of common gelatin, should not be notice- 
able. All this turned out as expeeted. Hence neutral salts of 
the calcium group as well as neutral salts of the sodium = group 
form highly ionizable salts with gelatin chloride—as long as the 
anion of the salt is univalent. Neutral salts with bivalent anion, 
however, should) form with gelatin chloride new compounds 
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(gelatin sulfate, gelatin oxalate, gelatin malate, ete.) which are 
less ionizable than gelatin chloride (or hydrochloride), and this 
was also borne out by the experiments which we will now describe 
in more detail. 

1 gm. of powdered gelatin was put for half an hour into a 
beaker containing 100 ¢¢. mM) 100 HCI and the gelatin was repeat- 
edly stirred. The gelatin was then put into the evlindrical funnel 
and the HC] solution (or what was left of it) allowed to filter off. 
After this the gelatin in the funnel was perfused three times with 
25 cc. of the salt solution (Mm 8 or M16 respectively) and then four 
times with 25 cc. of HeO to remove any free salt solution. After 
this water had run off the gelatin was made up into a 1 per cent so- 
lution (in distilled water) and its viscosity was determined imme- 
diately as deseribed. 

The time of outflow of liquid gelatin chloride produced by treat- 
ment with mM 100 HCl, when perfused three or four times with 
water to remove the remnant of acid in the capillary spaces 
between the gelatin granules, was for a 1 per cent solution gen- 
erally between 120 and 130 seconds, and sometimes higher. 

Gelatin chloride produced by a half hour treatment of 1 gm. of 
powdered gelatin in 100 ec. M/100 HCl was put into a funnel, 
the HC] solution was allowed to filter off, and the gelatin was per- 
fused three times with mM 8&8 MgCl or CaCl or SrCl., and then 
perfused four times with H.O. The time of outflow varied be- 
tween 132 and 135 seconds (Table III), a value which was identi- 
eal with the one obtained when salts with a monovalent cation 
and anion were used for perfusion, such as NaCl, NaNOs, KC, 
KCNS, LiBr, NH,Br, ete., the time of outflow varving in this case 
between 129 and 136 seconds (Table IID. Only Na acetate proved 
to be an exception as was the case in similar experiments on 
swelling. This suggests that in the reaction between gelatin 
chloride and neutral salts only the amon of the neutral salts 
reacts with the gelatin or that at least the effeet of the cation is 
not noticeable. This is exactly the same conclusion to which 
our experiments on swelling had led us. On the other hand, the 
same theory demanded that when gelatin chloride reacts with salts 
with bivalent anion, like SO,4, oxalate, ete., gelatin sulfate, gelatin 
oxalate, ete., should be formed with a much lower degree of toni- 
zation and hence a much lower degree of viscosity. This was also 
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found to be true. When gelatin chloride obtained by interaction 


for half an hour between 100 cc. mM’ 100 HCl and 1 gm. gelatin 
was perfused three times with one of these salts with bivalent 
= anion and then freed trom the salt by washing four times with 
TABLE 
Viscosity (ex- 
| pressed in time 
ot outtlow) of 1 
gelatin 
Type of salt. concentration ot h tin first treated 
of enti. gelatin was treated. 100 
| then with 
Hex to wash 
# | away salt. 
| 
Univalent eation, uni- | S 1351 
valent anion. - | Nae succinate......... 106 
Bivalent eation, uni- | u | 133 
valent anion......,.. 
es 3 HO, the viseosity was lowered more than 20 per cent, the time of 


| outflow varying between 94 and 109 seconds (Table III). Hence 
i sulfates, oxalates, malates, succinates, act upon gelatin chloride 

ei in the same way as do Ca or Mg or Ba upon common gelatin; 
| namely, forming little or less disso¢iable gelatin salts. This 
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agrees with the conelusion drawn from the experiments on the 
effect of neutral salts upon the swelling of gelatin. 

The faet that gelatin treated with m/100 HCl] has a higher 
viscosity (and swells more) than gelatin treated with M/S NaCl 
may be due to the difference in the mass of gelatin salt formed in 
the two eases. 


V. 


A third test for our theory should consist in the proof that the 
influence of neutral salts upon the viscosity of sodium gelatinate 
produced by the action of NaOQH upon 1 gm. of gelatin runs 
parallel to the influence of neutral salts upon the viscosity of 
common gelatin. The test turned out as our theory demanded. 

Ll gm. of finely powdered gelatin was put for half an hour into a 
beaker containing 100 ce. mM 100 NaOH. The gelatin was then 
put into a funnel in order to allow the NaOH to filter off, and after 
this the gelatin was perfused three times with 25 ec. of an M/8 or 
M 16 salt solution and four times with 25 ce. of HeO to wash out 
the salt solution from the capillary spaces. The results were as 
follows. 

When gelatin is treated with m/100 NaOH the viscosity meas- 
ured in times of outflow is raised from 82 seconds to from 115 
to LIS seconds. When it is washed with water a slightly lower 
value is obtained, due possibly to the washing away of some of the 
NaOH formed by hydrolytic dissociation of sodium gelatinate 
with subsequent diminution of sodium gelatinate. The value 
115 to 118 seeonds is higher than the value obtained by the 
interaction between MS NaCl and gelatin, which was about 
9S seconds, indicating that more sodium gelatinate is formed by 
the interaction of 1 gm.of gelatin with 100 ce.m 100 NaOH than 
with 100 ce. 8 NaCl. 

The theory which we developed on the basis of the swelling 
experiments demands that if sodium gelatinate produced’ by the 
action of M/ 100 NaOH be treated with a neutral salt with uni- 
alent cation the viscosity should be the same no matter what the 
nature of the anion or whether the latter is monovalent or biva- 
lent, provided that the concentration of the cation is the same in all 
eases and provided that the salt.in the capillary spaces between 
the granules of gelatin is washed away before the viscosity is 
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determined. The experiments confirmed this expectation. For 
salts of the tvpe NaCl as well as for salts of the tvpe NasSO,, the 
viscosity measured in time of outflow was the same; namely, 
in the neighborhood of 118 (Table IV). This again indicates 


TABLE IV. 


Viscosity (ex- 
| pressed intime 
| _ of outflow) of 1 
| percentgelatin 


Molecular | solution; gela- 

| NaOH, then 

| with salt, then 

| 
| £eéc. 
MS Na acetate.............| 120 
Univalent eation, uni- | 120 
MS | 116 
110 
| uM 16 | | 112 
Il. | | Mes 120 
Univalent cation, bi- | 16 120 
valent anion. | M 16 | Nae succinate.......... 119 
| Mu 16 | 117 
valent anion. | u QS 

iV. 

Bivalent cation, bi- | u S 103 


valent anion. 


that only the cation of the neutral salt interacts with sodium 
gelatinate. When MeClh, CaCh, and SrCl were substituted 
for the salts with univalent cation the time of outflow was reduced 
to from 87 to 98 seconds (Table IV), indicating that lowering of 
the degree of cleetrolytic dissociation which our theory demanded. 
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This lowering was due to the formation of non- or less disso- 
ciable calcium gelatinate or magnesium gelatinate from sodium 
gelatinate. 


VI. 


Attention had been ealled in this and the writer’s former papers 
to the facet that the additional swelling due to the action of a 
neutral salt upon gelatin is only noticeable after the excess of salt 
solution has been washed away, and this was explained on the 
assumption that the additional swelling was due to the gelatin 
ions formed under the influence of the salt, but owing to the re- 
pression of 1lonization in the presence of the salt the additional 
swelling could only show itself after the excess of salt solution was 
washed away. The same is true for the influence of salts upon 
the viseosity. When we measure the influence of neutral salts 
upon the viscosity of gelatin solution in the presence of the salt 
we get negative if not: confusing results. Thus measurements 
of the viscosity of gelatin in MS MgCl, CaCl, or SrCl. gave 
times of outflow between 74 and 85 seconds, while the viscosity 
measurements of gelatin in the presence of salts of the tvpe NaCl 


gave values between 72 and 76 seconds, and in the presence of 
salts of the tvpe NasSO, the times were 80 to 83 seconds. Almost 
siniilar figures were obtained for gelatin treated first with mM 100 
HCland then with mM S neutral salts. This agrees with our theory 
that the effeet of neutral salts upon the additional swelling and 
upon the increase of viscosity is due to the ionization of gelatin 
salts with univalent anion or cation; and that this ionization ts 
repressed by the presence of as high a concentration of a neutral 
salt as M S or M L6. This confirms our statement that any 
theory of the action of the neutral salts upon proteins must be 
based on experiments in which the excess of salts which have 
acted on the protein has been washed away. 


VII. 


We have called attention to the fact that if dried pig’s bladder 
or powdered gelatin is treated with 100 ce. M/S NaCl containing 
quantities of M/S CaCl varying from 1 to 32 ee. the additional 
swelling noticeable after the salt is washed away diminishes with 
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the amount of CaCl, added. This is a case of antagonistic salt 
action. It was of interest to find out whether this antagonistic 
effect of the addition of CaCl to NaCl would also become notice- 
able in the viscosity of the gelatin after the salt was washed 
away. This was the case. 1 gm. of powdered gelatin was put 
for | hour into 100 ec. M/S NaCl containing O, 1, 2, 4, 8, 12, 16, 
and 32 ec. M8 CaCl. <As controls gelatin treated with HO 
alone and gelatin treated for 1 hour with M/8 CaCls were added. 
After staying | hour in these solutions the gelatin was put into the 
evlindrical funnels where it was washed four times with 25 ce. 
of distilled water, until the filtrate no longer gave a precipitate with 
silver nitrate. The additional swelling (expressed in mim. of the 
height of the evlindrical column of gelatin), the viscosity expressed 
in time of outflow, and the alcohol preeipitability of 1 per cent 
gelatin solutions treated in the way mentioned are given in Table 
VV. The reader’s attention is called to the facet that all the meas- 
urements were made on gelatin washed free from the salt origi- 
nally used and dissolved in H.O. 


TABLE V. 


lem. gelatin put for | heur into the following solutions and then put into funnels and perfused 
four times with distilled water. 


| 100 ce. m/8 NaCl + ce. m/8CaCk. | | 


Additional swellinginmm. ofthe | | | 
evlindrical column of gelatin... 3603835 2500 25 220 17 | 6.0 6.5 


Viscosity of 1 per cent gelatin | | 
solution in in seconds of | 


Ce. of 95 per cent aleohol re- | 
quired to preeipitate 5 ce. 1 | | | ! 
percent gelatin solutionin HeOQ. © © © @ About 9.5 6.5 5.4 5.5 


The additional swelling is markedly lowered by the addition of 
4 ce. or more of M/S CaCl to LOO ce. M/S NaCl, and the addition 
of 1 ee. or more of CaCl, lowers the viscosity. The precipitability 
with aleohol begins when more than 8 ce. M/S CaCl, is added to 
100 ce. M/S NaCl. 
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Viscosity and additional swelling give parallel results, support- 
ing our view that in this case the antagonism is due to the diminu- 
tion in the ionization of a metal gelatin through the transformation 
of the highly tonizable sodium gelatinate into calcium gelatinate 
which is only slightly ionizable. 

There exists a second type of antagonisti¢ salt action due to the 
transformation of the highly ionizable gelatin chloride into the 
less ionizable gelatin sulfate. It was of interest to apply the 
three tests, additional swelling, viscosity measurements, and 
precipitation with aleohol, to this assumption. 

1 gm. of powdered gelatin was put for half an hour into each of a 
series Of beakers containing 100 cc. M 100 HC] to transform the 
gelatin into gelatin chloride or hydrochloride. The gelatin was 
then put into a series of evlindrical funnels which were perfused 
three times with 25 ec. of an M8 solution of NaCl containing 
‘carving quantities of M/16 NasSOy; namely, the following mix- 
tures, 100 ce. M’S8 NaCl containing 0, 1, 2, 4, 8. 16, and 32 ce. 
M16 NaeSOy As a control one funnel was perfused with M16 
NaeSO,s After this each funnel was perfused four times with 
25 ce. HeO to wash away the salt solution in the capillary spaces 
between the granules. 

Table VI gives the results. The additional swelling is the 
swelling observed at the end of the washing with water, in excess 
of the swelling which occurred in the gelatin while the latter was 
in the acid solution. The reader will notice that the addition of 
NwsQO, to NaCl diminishes the ionizing effect of the Natl, 
inasmuch as with the increase in the quantity of NaesOy added to 
the NaCl solution the additional swelling. as well as the viscosity, 
is diminished (Table VI). 

It is obvious again that the values for viscosity are extremely 
regular and that they diminish with the amount of NagSO, 
added. The viscosity of a per cent gelatin) solution only 
perfused with H.O corresponded to a time of outflow of 86 seconds. 

These viscosity measurements therefore support our hypothesis 
that antagonistic salt action can be produced by the transforma- 
tion of a more ionizable gelatin salt of the type sodium gelatinate 
into a less ionizable gelatin salt of the type calcium gelatinate; 
or of the more ionizable salt of the type gelatin chloride into a 
less ionizable salt of the type gelatin sulfate. 
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TABLE VI. 


I ym. gelatin put for 30 min. into 100 ce. m/ 100 HC] to produce gelatin chloride and then put 
into tunnels and perfused three times with 25 ce. of the tollowing salt solutions and four 
times with 25 ce. He to wash away the salt. 


100 ec. M/S NaCl + ec. M/16 NaeSOs. 


16 
Additional swelling in mm. of | | | 
the height of the evlindriecal | | | | | 
column of gelatin............) 36. 34 | 29 (25.5) 26.5] 24] 14] —5.5 
Viscosity of 1 per cent gelatin | 
solution in HeQO in seconds | | | | 
of time of outflow.......... 138) 137 135 131 {125 10S 
Ce. of 95 per cent alcohol re- 
quired to precipitate 5 ce. | 
1 per cent gelatin solution in | 


Theoretical Remarks. 


In three former papers we have shown that when powdered 
gelatin or-dried pig’s bladder is treated with the solution of a 
neutral salt, the gelatin or bladder undergoes a certain amount 
of swelling and that after the salt solution is washed away with 
distilled water a considerable additional swelling of the gelatin 
occurs. In the same papers we had also shown that the influence 
of neutral salts upon the additional swelling of gelatin or pig’s 
bladder is of stoichiometrieal character, depending purely 
upon the concentration and valeney of the cation of the salt used. 
Our present experiments on the influence of neutral salts upon the 
viscosity of gelatin solution show that the influence of neutral 
salts upon the viscosity is also of a stoichiometrical character, 
Inasmuch as it also depends exclusively or preeminently upon the 
eonecentration and valeney of the cation of the neutral salt used. 
The anion seemed to be without influence. The writer had 
found in his former experiments that the neutral salts with mono- 
valent cation cause a considerable additional swelling of the gela- 
tin while the neutral salts with bivalent cation cause no such 
swelling, and to explain this difference he had assumed that 
neutral salts with monovalent cation form with gelatin metal 
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gelatinates which are highly ionizable, while salts with bivalent 
eations form with gelatin metal gelatinates which are much less 
or only slightly ionizable. The experiments on viscosity support 
this conclusion, if the statement generally made is correct that 
ionization increases the viscosity of a protein solution. 

In publications on the peculiarities of colloids the statement 
is frequently made that the oppositely charged ions of a neutral 
salt affeet a colloid, e.g. a protein, in the opposite sense and that 
the effeet of the salt is always the algebraic sum of these two 
opposing forces. This statement does not hold for the influence 
of neutral salt on those qualities of colloids which have thus far 
formed the subject of ourinvestigation; namely, additional swelling, 
viscosity, and precipitability by alcohol after the salt has been 
washed away. Common gelatin (and the same may be true for all 
proteins which are much stronger as acids than as bases) reacts 
with neutral salts as if only the cation of the salt were active; salts 
of the type NaCl and of the type NasSO, act qualitatively and quan- 
titatively alike as long as the concentration of the cation is the 
same, and the nature of the anion does not influence the result. 
It was also possible to show that MgCl. acts like MgSO, and 
CaCl like CaSO, as long as the concentration of the cation is 
the same. All this would be impossible if the anion acted upon 
the protein in a sense opposite to that of the cation. The qual- 
ities Which we have investigated depend apparently on the ionized 
negative gelatin ion and this combines only with the cation of the 
neutral salt applied. If the anion of the latter enters at all into 
eombination with the negative gelatin ion its influence does not 
show itself in those qualities which thus far have formed the 
subject of our investigations. 

When we produce gelatin chloride (or hydrochloride) by treat- 
ing the gelatin with m 100 HCI, and wash away the superfluous 
acid the gelatin chloride is only influenced by the anion of aneu- 
tral salt, and salts of the tvpe CaCl act qualitatively and quanti- 
tatively like salts of the tvpe NaCl if the coneentration of the Cl 
ion is the same. The cation does not act in the opposite sense 
from the anion of the salt but does not act at all, or at least its 
influence is not noticeable, and Ca, which influences common 
gelatin and sodium gelatinate produced by treatment with NaOH 
so powerfully, is apparently without influence when acting upon 
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gelatin chloride. Our experiments have therefore led to a re- 
markable simplification of our conception of the influence of 
neutral salts upon proteins inasmuch as they show that for the 
physical characters thus far studied by us only one of the ions of 
the neutral salts is to be considered; namely, the one which has 
the opposite charge from the protein ion with which it reacts. 

There are other qualities of proteins which are not confined to 
the ionized protein. Our investigations have not vet been ex- 
tended to these qualities and we are not prepared to say whether 
or not qualities depending upon the non-dissociated protein 
molecules are influenced in an opposite sense by the oppositely 
charged ions of neutral salts. 


SUMMARY. 


1. Our experiments have shown that when we treat gelatin with 
MS or M 16 solutions of neutral salts with univalent cation, 
the viscosity of the gelatin is increased considerably after the 
excess of salt is washed away. When we treat gelatin with m/8 
or M 16 solutions of neutral salts with bivalent cation no or only 
a slight increase of viscosity of the gelatin is noticeable after the 
excess of salt is washed away. 

2. Neutral salts with univalent cation (Li, Na, K, NH4) produce 
the same increase in the viscosity of the gelatin solution as long 
as the concentration of cation is the same,—-namely M/8 in our 
expermments,—regardless of the nature of the anion and regardless 
of whether the anion is univalent or bivalent. 

3. The statements made concerning the influence of neutral 
salts upon the viscosity of gelatin hold also for the influence of 
these salts upon the viscosity of gelatin previously treated with 
an e.g., NaOH. 

4. The action of neutral salts upon the viscosity of gelatin pre- 
viously treated with HCl shows that salts with bivalent anion 
lower the viscosity of such gelatin; while salts with univalent 
anion have the opposite effect. The influence of the cation was 
not noticeable in our experiments. 

5. These observations do not agree with the statement. fre- 
quently made that the action of a neutral salt upon a protein 1s 
the algebraic sum of the opposite action of the oppositely charged 
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ions Of the neutral salts. The viscosity of a gelatin solution is 
influenced chiefly if not exclusively by one of the two ions of the 
neutral salt; namely, the one which has the opposite electrical 
charge from that of the protein. Sinee common. gelatin. is 
stronger as acid than as base, its viscosity is influenced only by 
the cation of a neutral salt; and the same is true for the influence 
of neutral salts upon the viscosity of metal gelatinates produced 
by the action of bases upon gelatin. The viscosity of gelatin- 
acid salts (produced by the action of acids upon gelatin) which 
vield a positive gelatin ion is influenced chiefly if not exclusively 
by the anion of a neutral salt. 

6. These conclusions are in agreement with the conclusions 
drawn from the experiments on the limiting concentration of 
neutral salts upon additional swelling reported in the writer’s 
previous publications. 

7. If it is true that the increase in the viscosity of gelatin solu- 
tion under the influence of cleetrolytes is due to an inerease in 
the ionization of the gelatin, our results support the hypothesis 
that neutral salts with univalent cation form highly ionizable 
metal proteinates with proteins of the tvpe of gelatin (which is 
much stronger as acid than as base), while neutral salts with 
bivalent cation form less or non-dissociable metal proteinatcs 
with gelatin. 


4 $ 
3 
ip 
4 ay 
Ze 
§ 
i 
ee 
iz 
4 
7 
| ; 
“EP 
it 
; 
TS 
ig 
4 
tes, 
Big 
45 
igre 
42 
| 
‘ 
4 
Sees 
“Sp 
$3 
4 


‘ 


cone 


1 
abe. 
| 
| 
ast 
ue 
“a: 
j 
| 
> 
; 
4 
q 


THE EFFECTS OF ELECTROLYTES ON GELATIN AND 
THEIR BIOLOGICAL SIGNIFICANCE. 


IV. THE PRECIPITATION, OF GELATIN BY MIXTURES OF SALTS. 


By W. O. FENN. 


(From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 
(Received for publication, March 6, 1918.) 


The precipitation of colloids by electrolytes has probably been 
studied more extensively than any other single problem in this 
field. There are still many obseurities to be cleared up, as for 
example why increase of temperature sometimes increases and 
sometimes decreases precipitation. A few general conclusions, 
however, have been established beyond question. 

The chief requirement for precipitation seems to be that the 
colloid shall be electrically neutral. In the case of the hydrophil 
colloids which are closely associated with water, a second factor 
becomes equally important; ¢e., a sufficient salt concentration to 
“salt out’ or dehydrate the protein. Chick and Martin’ have 
distinguished between these two factors in studying the preeipi- 
tation of egg albumin by electrolytes. They found that when 
the dehydrating capacity was supplied by alcohol, the albumin 
was precipitated by small concentrations of salts and in accord- 
ance with Hardy's? valence rule. Only small amounts of the 
precipitating agents were required, as in the precipitation of the 
suspension colloids. Hardy also established the fact that pre- 
cipitation is accomplished by the ion of opposite charge to that 
on the colloid particle. This has been confirmed by all subsequent 
workers, particularly by Paul.’ 


1 Chick, H., and Martin, C. J., Biochem. J., 19138, vin, 380. 

2? Hardy, W. B., Z. physikal. Chem., 1900, xxxill, 385. 

3 Pauli, W.. and Rona, P., Beitr. chem. Physiol. u. Path., 1902, ii, 1. 
Pauli, W., dhéd., 1903, iii, 225; 1905, vi, 233; 1906, vil, 531; Arch. ges. Physcol., 
1809-1900, Ixxvill, 342. 
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The precipitation of colloids in mixtures of electrolytes has been 
confined chiefly to the precipitation by salts in acid, alkaline, and 
neutral solutions. Linder and Picton,’ however, investigated the 
precipitation of arsenious sulfide sols in mixtures of salts. Blake® 
did some experiments of this sort on colloidal gold, Bender® and 
Pechhold? on mastie suspensions, and Pauli? on egg albumin. 
Koch and Willams’ have investigated the effects of salts on the 
precipitation of lecithin by CaCh. 

The present paper comprises a description of some experiments 
by the writer on the precipitation of gelatin by mixtures of 
electrolytes, as a sequel to those already published!!!” on the 
precipitation of gelatin by alcohol from solutions of electrolytes 
and mixtures of electrolytes. 

The method adopted for this investigation was to add NaCl 
in solid form to test-tubes containing 5 cc. of 2 per cent gelatin 
(dissolved in solutions of electrolytes of varving concentrations) 
until the point of precipitation was reached. During the experi- 
ment the tubes were kept at constant temperature In a water 
bath at 30 + 1°C., as an-‘increase in temperature was found to 
assist the precipitation by NaCl verv markedly. After the point 
of precipitation was reached, the contents of the tubes were 
diluted to 100 ec. ina volumetric flask. This diluted the gelatin 
so much that it was possible to titrate the solution for chlorides 
with standard AgNO; and KeCrO; without appreciable error. 
In presence of stronger gelatin solutions this method always gives 
a higher chloride content than actually exists, due to the fact that 
the formation of the red AgeCrO, at the end-point is retarded, 
probably because of combination with the gelatin. If the temper- 
ature is kept constant to within |> and ordinary care is used in the 


* Linder, and Pieton, H., ./. Chem. Soc., 1895, xvii, 63. 

Blake, J. C., Am. J. Se., 1908, xvi, 433. 

© Bender, R., Aolloid-Z., 1914. xiv, 255. 

7 Bechhold, H., Z. physikal. Chem., 1904, xivin, 385. 

® Pauli, Beitr. chem. Physiol. u. Path., 1904, v, 27. 

* Koch, W., and Williams, A. W., J. Pharmacol. and Erp. Therap., 1910- 
11, 253. 

Fenn, W.O., J. Biol. Chem... VOUS, xxxiil, 279. 

Fenn, J. Biol. Chem., xxxiti, 439. 

2 Fenn, J. Biol. Chem., 1918, xxxiv, 141. 
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= addition of NaCl to the gelatin, this method gives results which 
: may be duplicated to within 2 per cent. 

g The empirical conclusion drawn from these experiments is that 
i NaCl behaves like a salt in which the effect of the anion pre- 
. dominates over that of the cation. Precipitation is therefore most 


NaC1TO PPT. 


Mg (NO,) 


CaC). 


cui NO 2 


HNO® 


100 :2.5 ~__ 
100 :3.9— 


0 2 4 
CONC. ADDED ELECTROLYTE 


Fic. 1. Abseisse represent concentrations of electrolytes added to the 
gelatin. The ordinates show the molecular concentration of NaCl neces- 
sary to precipitate the gelatin. The curves show that salts with prepotent 
cations assist precipitation by NaCl. The molecular proportions of 
Na :Cu and Na: H at the minima are 100 : 2.5 and 100 : 3.9 respectively. 


assisted by those electrolytes which make the gelatin most electro-pos- 
itreve and most hindered by those which make it most electro-negative. 

The effect of salts with predominant cations on the precipita- 
tion produced by NaCl is shown in Fig. 1. On the absciss:e 
are plotted molecular concentrations of the electrolytes in the 
gelatin, and on the ordinates the molecular concentrations of 
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NaCl which were necessary to precipitate. Under the conditions 
of the experiment, pure gelatin was precipitated by NaCl at a 
concentration of 4.65 to 4.75 mM. In the presence of small amounts 
of HNOs or Cu(NOs)o, NaCl 1.3 mM is sufficient. More than this 


TABLE I. 
Effect of Various Cations on the Precipitation of Gelatin by NaCl. 


Cul HNOs CaCle | Cal NO3)2 | Met NOs)e 


| 
i 


Cul 
NOs). 


tate. 
H NOs. 
CaCl. 
tate. 


tate. 
Concentration of 


Concentration 
to. precipi- 
Concentration of 
to precipi- 
Concentration of | 
| NaCl to precipi- | 
Concentration of 
to precipi- 


| NaCl to preeipi- | 


we 
> tate. 
~ 


~ 


73) 60.0 


64 


49 | 0.0125 | 
0.00625 
65 10.0 | 


0.0163. 
0 OOSL 
0.0 


2.0 2:83 {1.07 | 3.12 0:86 | 3: 3.36 11.0 | 3.77 
1.33 2.56 | 0.802 | 2.51 0.575 | 3.36 | 0.32 | 3.52 0.5 | 3.96 
0.89 2.52 | 0.603 | 2.30 (0.383 | 3.47 | 0.248) 3.63 0.25 | 4.17 
0.591 | 2.30 | 0.45 2.02 0.245 3.60 0.185 3.82 0.0625 4.38 
0.304 | 2.18 | 0.301 | 1.75 0.17 | 3.73 | 0.139) 3.87 0.0 | 4.65 
0.262 | 1.96 | 0.201 1.51 0.118 3.93) 0.104 4.06 
0.131 | 1.74 | 0.1 1.38 0.0566 4.15 0.052 4.27 | 
0.0655! 1.44 | 0.05 | 1.28 0.0283 4.32 | 0.026) 4.52 | | 
0.0327} 1.30 | 0.025 | 1.56 0.0 | 4.65|0.0 | 4.77) | 

1. 4 | 
1 
4 


Sec. of a2 per cent solution of gelatin dissolved in an acid or salt in the 
concentration noted in the first columns are kept in a test-tube in a water 
bath at 30 1°C. and dry NaCl is added until the gelatin is precipitated. 
The concentration of the NaCl in the solution is then determined by 
diluting in a 100 ce. volumetric flask and titrating samples with AgNO, 
and WKeCrO, for chlorides. The concentration of NaCl so determined is 
noted in the second columns. The purest commercial gelatin obtainable 
was used, designated in previous papers as gelatin A. The precipitate with 
NaCl is always increased by heating except in 0.6m Cu (NOs). and 0.05 M 
HNQOs or higher concentrations of these electrolytes. 


amount of Cu( NOs). or HNO, tends to hinder precipitation again. 
This point of optimum precipitation is probably an isoelectric 
point. The molecular proportions of Na :Cu and Na: H are 
100: 2.5 and 100 : 3.9, respectively, as inserted on the figure. 
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A number of similar combinations of electrolytes have been tried 
by adding the NaCl or NaNOs: to the gelatin in concentrated 
solutions instead of in solid form. Figures for these experiments 
are given in Table [TV and a typical curve is plotted in Fig. 4 for 
NaCland HCl. In all these cases a more or less distinet isoelec- 
tric point is found. At this point the molecular proportions are 
100°: 1.1 for NaCl plus HCI; 100: 0.4 for NaCl plus AIC],;; : 
for NaNQOs plus and 1.1 for NaCl plus 
These proportions can be determined only roughly by this method 
but they suggest a certain balance between the positive and the 
negative 

Whether or not this is the correct explanation, it is well known 
from the literature that NaCl precipitates proteins more easily in 
acid solution and that with a constant salt content there is an 
optimum acid concentration for precipitation. examples of this 
for globulins are given by Hardy" and by Mellanby," and for 
egg albumin by Chick and Martin.'’° Mention may also be made 
of similar experiments by Mérner (1899) on the precipitation of 
gelatin by mixtures of acetic acid and Kyke(CN jg. Similar 
effects have been deseribed by Mines? for the precipitation of 
blood corpuscles, and by the writer's for the precipitation of milk 
and olive oil emulsions. Wood and Hardy’ have shown that 
there is an optimum acidity for the stability of doughs containing 
a constant amount of NaCl. Hardy’ has suggested that this 
striking difference between the effects of acids and alkalies on 
NaCl in protein solutions is due to the fact that the acids and 
salts unite with the proteim in the same way but that the alkalies 
and salts unite in different ways. 

In Fig. L are also shown curves for the effeet of CaCl. and 
Mgi NOs). on the precipitation by NaCl. Both of these salts 
assist precipitation by the effect of their cations. The CaCl, curve 
was carried out to a concentration of O.S6 the Magi NOs). 


48 Hardy, J. Physiol., 1905-06, xxxili, 251. 

Mellanby, J., J. Phystol., 1905-06, xxxiil, 338. 

(hiek and Martin, Aollotdchem. Bethe fte, v, 50. 
Morner, C. T., Z. physiol. Chem., 1899. xxviii, 471. 

'7 Mines, G. R., Aollotdchem. Bethefte, in, 191. 

18 Fenn, Proce. Nat. Acad. Ne., i, S34. 

1? Wood, T. B., and Hardy, W. B., Nollotd-Z., 1909, iv, 215. 
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curve to a concentration of 1 mM but no minimum like that found 
for Cu( NOs). was observed. In the CaClh curve, allowance was 
made (in determining the amount of NaCl added) for the chlorides 
of Ca already present. Ca(NOs)s gave similar results. 

The effeet of various anions is shown in Fig. 2.) Salts like 
Nas citrate and Na acetate, which are alkaline in solution, enuse 


NaCi TO PPT. 


Na N 


Na: CITRATE 


4 38M 
CONC. ADDED SALT-———~- 


hig. 2.) Curves showing the effect of various anions on the precipitation 
of gelatin by NaCl. Ordinates and abscissw as in Fig. 1. Salts which 
charge the gelatin negatively tend to hinder precipitation, 
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first an increase in the amount of NaCl required to precipitate, 
and in higher concentrations a decrease. Curves similar to the 
Na; citrate curve are also obtained with NagPO,, NasSOs;, and 
NH, tartrate. Figures are given in Table II. If all the curves 
were prolonged until they crossed the base line, “.e. until they 
precipitated the gelatin without NaCl, the salts would arrange 
themselves in the lvotropie series. As NaNQOs precipitates pure 
gelatin at a concentration of about 6M and Na acetate at about 
3M, it is evident that the Na acetate curve must cross both the 
NaNQOs and the NaCl curves at some point not shown in. the 
figure. (The NaCl curve is not plotted but it would be a straight 
line crossing the base line at a concentration of 4.65 M since pure 
gelatin is precipitated by NaCl 4.65 mM.) These crossings, to- 
gether with those shown in the figure for the NEHGSCN. curve 
(which never reaches the base line) should warn the investigator 
not to expeet uniformity in the lyvotropie series. 

In NaOH no precipitate can be obtained with NaCl except 
at very low concentrations. If, however, 1 ce. of IS per cent 
gelatin is added to 5 ce. of a solution of NaOH LM or stronger 
(particularly 5M) a white coagulum is obtained which disappears 
gradually as the gelatin is hvdrolyzed by the strong alkali. Sim- 
arly ghadin of wheat flour is precipitated by high concentrations 
of both NaOH and HCl but this precipitate disappears on standing 
a few hours. No such precipitation of gelatin by strong TC] 
has been observed. | : 

In Fig. 5 is shown the effeet of various sulfates on the pre- 
cipitation by NaCl. These curves bear out the general coneclu- 
sions of this paper in that the sulfates of the bivalent eations, as 
Zn, Meg. Fe, and Mn, assist the precipitation by NaCl, these 
curves being convex to the base line, while the sulfates of mono- 
valent cations, as NaesSQ,, hinder precipitation (this curve being 
econeave to the base line). A little consideration will show the 
validity of this eriterion of the favorable or unfavorable effect 
of a salt on the precipitation by NaCl, since the curve fora salt 
which neither assisted nor hindered precipitation by NaCl would 
be a straight line connecting the points on the two axes where 
each of the two salts would cause precipitation in the absence of 
the other. Such a straight line is drawn (dotted) between the 
ends of the NasSO, curve to emphasize the fact that the effect 
of the SO, ion alone is to prevent the precipitation by NaCl, 
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In a previous paper! the writer showed that the presence of 


NaCl in gelatin would decrease the effect of both CaCl. and 
NaesSO, in hindering the precipitation of gelatin by alcohol, 
but that CaCh and NaoSQ, differed in that small concentrations 
of the former could decrease the effeet of NaCl but that small 
coneentrations of the latter could not. In the present paper, 


Nac} TO PPT. 


Zn 


2 4M 
CONC. ADDED SULFATE 
hia. 3. Curves showing the effect of various sulfates on the precipitation 
of gelatin by NaCl. Ordinates and abseissie as in Fig. 1. NaosSO, tends 
to hinder precipitation by NaCl but sulfates with bivalent cations assist it. 


it is shown that CaCl. assists while NaeSO, hinders the pre- 
cipitation of gelatin by NaCl. Both of these results are in 
agreement in that NaCl aets in both cases as if the Cl ion were 
more strongly combined with the gelatin than the Na ion. ‘In 
some measure supperting this conclusion, may be mentioned the 
fact that the isoelectric point of gelatin was determined by 
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(Chiar’?’ as 2 107° and by Michaelis and Grineff®! as 2.3 10,~ in- 
dicating a stronger dissociation of H ions than of OH ions. The 
excess of TH ions resulting would hinder the Na ion from combining 
as readily as the Cl ion. Hopkins and Savory. furthermore, 
found that the Benee-Jones protein from pathological urine could 
be precipitated more easily from acid solution than from alkaline 


TABLE Il. 
Effect of Various Sulfates on the Precipitation of Gelatin by NaCl. 
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Two determinations were made for each coneentration of NsaosSQ, and 


their average was plotted in Fig. 3. 
The method of tabulation and experimentation is the same asin Pable T. 


solution and suggested that the protein takes a negative charge 
more readily than a positive one, Phey find also that NaCl acts 
more like NaoSQO, than like CaC]s. 

The effect of acids and alkalies on the precipitation of @elatin 


21 Michaelis, L., and Grinetf, W.. Brochem. Z., 375. 
2 Hopkins, F. G., and Savory, H., J. Péysiol., 1911, xii, 189, 
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by NaeSO, is shown in Fig. 5. In these experiments 5 cc. of a 3 
per cent solution of gelatin in HCl or NaOH were titrated with 
a molecular solution of NasSQ, until precipitation occurred. © HC] 
assists the precipitation, as expected, the turning point of the 
eurve being probably an tsocleetric point, where the proportions 
of SO, to Hoare 2. A similar experiment with AICI, vields 


NaCi TO PPT. Na SO, TO PPT. 
i 
' 

18 4 

li 


in 
| 
7 
| 


4 6M 0 4 3M 
HC! — HCi, NaOH 
Fig. 4. Fie. 5. 


kia. 4. Curves showing the effect of increasing concentrations of HC] 
in gelatin on the amount of NaCl 4.24 Mm which is necessary to precipitate it. 
The molecular proportions of Na: H at the minimum (probably an iso- 
eleetriec point) are 100 : 1.1. 

hia. 5. Curves showing the effect of NaOH and HC! on the precipitation 
of gelatin by NaoSO,. Abscissw show the concentrations of HCL or NaOH 
in the gelatin before addition of NaeSQs,. 


essentially the same result, the proportions at the turning point 
of the curve being about 100: 1. Data for this experiment are 
given in Table V. 

The NaOH curve in Fig. 5 shows that small amounts of NaQH 
hinder the precipitation of gelatin by NaosO,, larger amounts 
assist it. and still ligher concentrations hinder it (due to the 
decomposition of the gelatin by the alkali.  Pigures fora simitar 
curve, using Na, citrate instead of NaoSO,, are given in Table V 
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and this result has also been confirmed by dissolving gelatin in a 
representative series of mixtures of NaOH and NaeSO, and 


TABLE IV. 
Effect of Acid and Trivalent Cations on the Precipitation of Gelatin by 
Monovalent Sodium Salts. 


Precipitation by Preci P elatin by Preeipitation by | Precipitation by 
NaNs of NaClo plus NaCl plus | NaCl of gelatin plus 


AIC | Laz NOs)s. 


Cc oncentra- Concen- NaCl4m Concen- Concentra- 
tion of NaNOs tration of to tration of N aC 24 tion of NaCl 3.93 


M | ce. | M ce. | M ce. 
1.5 50 | O88 | 17.7 62 ws 6.35 {| 
0.75 62: } 3.8 113.8 0.17 7.0 
0.375 2.8 12.1 0.083 6.1 
0.047 4.0) 0.002 12:2 | 184 {83 a: aa 
0.023 3.0 | 0.042; 10.2 125 ,6.15 | 0.0055 | Noppt. 
00 | | | 82 | 400: | 
0 006 40 | 6:01 10.4 0.63 | 5.2 | 
0.003 | Noppt.| 0.005 | 17.7 | 0.52 | 4.7 | 
| 0.46 | 4.55 
0.34 | 4.5 
0.2% | 4.3 4.4 | 


— 
we 


0.031 
0.0167) 4. 
OO7TS 4.8 

0.0039) No ppt. 


0.0 


1 ce. of solutions of gelatin B in water (10 per cent in the case of HCl 
and 7 per cent in the eases of AIC]; and La.(NOs),) was added io 5 ce. of 
the solutions of AICI;, HCl, and Las(NQOs3)¢, diluting them to the concen- 
trations noted in the first column in each experiment. The second column 
of each experiment records the number of ec. of NaCl or NaNOs solution 
which had to be added in order to precipitate the gelatin. All the experi- 
ments were performed at room temperature. All give curves similar to 
that for HCl and NaCl which is plotted in Fig. 4. 


observing the amount of the precipitate formed.  Sinee the pre- 
cipitation is always by the oppositely charged ion, the effeet of 


a 
; Al 
; 
at 
| 
| 
; 
a 
2 
4 
: 
+ 
Sk 
ie 
= 
ris 
ae 
4 
4 
qi: 
; 
ty 
> 


W. O. Fenn 427 


small concentrations of NaOH in preventing precipitation is to be 
expected. Whatever the explanation of the favorable effect of 
higher concentrations of NaOH, this observation is at least in 


TABLE V. 
The Effect of HCl, NaOH, and AICI on the Precipitation of Gelatin by 
Sodium Sultate and Crlrate. 


Preeipitation by Precipitation Precipitation by Precipitation by 
NaoSQ of gelatin plus by NaeSO,of gelatin Nae, of gelatin plus Nas Citrate of gelatin 
NaQH. plus HC AIC plus NaOH. 
|teatiowof| | | NasSOs | Nas citrate 
NaOH in precipi- HClin | precipi- AIC ls in in 
gelatin. tate. | gelatin. tate. gelatin. sulatin. 
M cc. | M ce. M cc. M cc. 
O GST 30 2.5 S.9 1.55 28 4.9 No ppt. 
O34 19 1S 1.0 4.6 2.45 24 
6.7 | 0.186 | 321 | 6.3 0.32 
0.021 | 6.7 | 0.078 | 3.0 | 0.0625 | 6.6 0.16 
0.01 | 8.1 | 0.0389 | 3.0 | 0.0312 | 6.6 0.08 6 
0.005 | 86 (| 0.0195! 3.1 | 0.0156 | 6.9 0 12 
0.0027 8.7 0.0097 3.6 (0.0078 | 8.0 0.02 11 
0.0 7.3 | 0.0088) 4.4 | 0.00389 | 8.6 0.01 
0.0024 (0.00195 0.0 11 
0.0 7.2 | 0.00096 10. 


0.0 | 32.31 


In each experiment the first column shows the concentration of the elec- 
trolyte ina 5 ce. sample. In the ease of NasSOs versus HC] and Na,SO, 
versus NaOH the electrolyte was made up in a 3 per cent solution of 
gelatin. In the other two experiments, 1 ec. of gelatin solution (5 per 
cent for NasSO, versus AICI; and 7 per cent for Nas citrate versus NaOH) 
was added to the 5 cc. sample of NaOH or AICI, before the precipitant 
was added. The second column in each experiment records the number 
of ec. of LM NasSO, or Nas citrate which had to be added to the gelatin- 
electrolyte mixture to cause precipitation. In the experiments with HCl 
and AICI; the proportions of Na:H and Na: Al at the approximate turn- 
Ing points of the curves are 10):1. All four experiments were done at room 
temperature except the first which was done at 30°C. The results of the 
first two are plotted in Fig. 5. 


agreement with a previous observation of the writer’s" that 
the addition of small amounts of NaOH to gelatin containing 
Nay citrate inereases the amount of aleohol necessary for pre- 


‘= 
a 
be 
"4 
Hey 
: 
| 
Be 
} be 
q 
‘ 
| 
: 
“4 
ot 
ges 
~ 


428 Iffeets of Electrolytes on Gelatin. IV 


cipitation, while higher coneentrations of NaOH decrease this 
amount. It should also be mentioned that Chiek and Mar- 
tin’ found, in studying the precipitation of egg albumin, that 
small amounts of acid and alkal hindered the precipitation by 
CaCl and NasSO, respectively, but that larger amounts favored 
precipitation. As CaCl does not precipitate gelatin, this part 
of Chick and Martin’s observation could not be confirmed. 

The effeet of an increase in temperature on the precipitation by 
NaCl and NaeSO, is striking. An increase in temperature de- 
creases the amount of NaCl necessary to precipitate except in 
the presence of Cu( NOs). and HNOs, 0.5 Mand 0.05 M, respectively 
(or stronger), Where an increase of temperature causes an increase 
in the amount of NaCl necessary for precipitation. On the other 
hand the precipitate of gelatin obtained by using NasSQO, alone is 
dissolved by an increase in temperature. An examination of the 
literature shows merely confusion on this point. Mellanby™ 
reports that the temperature coefficient of the precipitation of 
serum proteins by (NH,)oSO, Is negative between O-40°C. 
and so small as to be unimportant. Lewith®, on the other hand, 
finds that a rise in temperature assists the precipitation of ox 
serum proteins by (NH An observation of Chick and 
Martin shows that a rise in temperature assisted the precipitation 
of egg albumin by (NH,)o8QO, in alkaline solutions, but ina LO7® 
normal acid solution the reverse was true above OC, 


SUMMARY. 


Acids, and salts im which the effect of the cation predominates, 
assist the precipitation of gelatin by NaCl, while alkalies, and salts 
with predominant anions, hinder it. 

Acid tavors the precipitation of @elatin by NaeSO;. Alkalies 
hinder it in low concentrations but assist it in higher coneentra- 
tions, until the gelatin is hydrolyzed by the alkali. 


> Lewith, S., Arch. exp. Path. u. Pharmakol., 1888, xxiv, 1. 
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STIZOLOBIN, THE GLOBULIN OF THE CHINESE VELVET 
BEAN, STIZOLOBIUM NIVEUM.* 


By CARL O. JOHNS anno A. J. FINNS. 


(From the Protein Investigation Laboratory, Bureau of Chemistry, Depart- 
ment of Agriculture, Washington. | 


Received for publication, Mareh 25, 1918.) 


Velvet beans have reeently become an important crop in the 
United States. It is estimated that during the vear L917 more 
than five millon acres were planted in the South. This is an 
increase of more than LOO per cent over the previous year. Some 
fifteen species of velvet beans have been grown in the United 
States. The beans are planted between corn and since their 
‘arly growth is rather slow they interfere but little with the growth 
of the corn. The vield of shelled beans is from 10 to 20 bushels 
per acre, 

Most of the velvet beans grown are fed to cattle. In many 
eases the animals are turned into the fields and eat both the plants 
and beans. The beans and pods are sometimes ground together 
and fed as velvet bean meal and pod meal. Cattle thrive well 
on this meal and it is reported to be an excellent feed for mileh 
cows. In some eases the whole beans are soaked before feeding. 
This method of feeding has proved very satisfactory in many 
sections of the South where the beans are not grazed down in the 
field. 

The seed of the Chinese velvet bean is grav in color and about the 
size and shape of the lima bean. The beans used in this investi- 
gation were furnished by the Bureau of Plant Industry. They 
contained 26.43 per cent of protem (N X& 6.25). 

The principal protein extracted from velvet bean meal by means 
of a sodium chloride solution is a globulin which we have named 
stizolobin. This was obtained by dialvzing the sodium chloride 


* Published by permission of the Secretary of Agriculture. 
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extracts and was also precipitated from the extract by means of 
ammonium sulfate. It is probable that only one globulin is 
extracted by means of sodium chloride solutions since the only 
protem which precipitated began to appear at 0.4 of saturation 
with ammonium sulfate and ceased to precipitate when 0.5. of 
saturation was reached. Protein preparations were also obtained 
by heating the sodium chloride extract of velvet bean meal at 
105°C. The protein thus coagulated was probably nearly all glo- 
bulin, since its ultimate composition and nitrogen distribution as 
determined by the Van Slyke method agreed well with the results 
of analyses made on the globulin obtained by preeipitation by 
dialysis or with ammonium sulfate. 

The averages of the percentages obtaimed for the basie aimino- 
acids by the Van Slyke method on proteins prepared by dialysis, 
by precipitation with ammonium sulfate, and by coagulation 
were as follows: 


The most striking result here is the high percentage of lysine. 
In order to check this value, amino nitrogen determinations were 
made on the unhyvdrolyzed protein since it has been shown (1) 
that this amino nitrogen is equal to one-half of the lysine nitrogen 
in a number of proteins. This is based on the assumption that 
the a-aiftino group in lysine is in peptide union, while the w-amino 
group is free and is therefore the only amino group in a proteim 
which reacts with nitrous acid. Amino nitrogen determinations 
were made in triplicate on stizolobin, and the percentages of amino 
nitrogen obtained were 4.98, 4.81, and 4.78, or an average of 4.86 
per cent. This is in good agreement with one-half of the lysine 
nitrogen which was found to be 5.01 per cent (see Table VII). 

Stizolobin also gave a strong qualitative test for tryptophane. 


EXPERIMENTAL. 


Preliminary Experiments. ~The shelled beans were first crushed 
in a power-driven meat chopper and then ground to a meal. 


This meal was used for all the experiments deseribed in this paper. 


> 
ay 
ie 
2 
=) 
ab 
3 
¥ 
4 
4, | 


C. QO. Johns and A. J. Finks 431 


Nitrogen determinations on this meal indicated the presence of 
26.43 per cent of protein (N & 6.25). Extraction experiments 
showed that the maximum quantity of protein was extracted by a 
5 per cent sodium chloride solution which gave 22.54 per cent 
of protein. Table I gives the percentages of proteim extracted by 
villous solvents. 

In isolating the proteins described in this paper, 5 per cent 
solution of sodium chloride in distilled water was used for extract- 
ing the protein. 

Globulin Extracted by Sodium Chloride and Precipitated by Dial- 
ysis, ~Eixtraets were made using 5 ce. of solvent to l gm. of meal. 
The quantity of meal used for a preparation was usually 0.5 to 1 

TABLE I. 


Preliminary Extraction Experiments. 


Solvent to 1 gm. of meal. Solvent. ' Protein extracted (N & 6.25). 
ce. per cent 
5 5 per cent NaCl. 22.54 

10 5 sé 30) 
25 | 21.37 
25 | 20.82 
23) | 20.56 


Distilled water. 15.28 


kilo. The meal was mixed with the solvent and thoroughly 
stirred to break up all lumps. The mixture was allowed to stand 
at room temperature for 4 hours, with occasional stirring, and 
then passed through a peanut grinder to crush the swollen cells. 
To the thin paste thus obtained was added enough filter paper 
scrap to make a thick pulp. This was placed in muslin sacks and 
the liquid pressed out in a powerful press. The turbid solution 
obtained was filtered through paper pulp on a Buchner funnel. 
This clear extract was dialvzed in parchment bags suspended in 
running water until practically free from chlorides. The last 
traces of chlorides were removed from the protein by washing 
with distilled water and precipitating the protein by means of a 
centrifuge. The protein thus obtained was dehydrated, by 
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suspending it for 12 hours in absolute alcohol which was then de- 
eanted after precipitating the protein by centrifugation. It 
was next suspended for 12 hours in absolute ether and filtered off 
on a Buehner funnel using a hardened filter. Most of the ether 
adhering to the protein was removed over sulfuric acid in a 
vacuum desiccator. The protein was then dried by gradually 
heating to LOCC. in a vacuum oven. It was ground in a mortar 
and was thus obtained as a gray, amorphous powder. The vield 
based on the weight of the meal used was 7 per cent. Three 
preparations made in this manner gave the following analyses 
enleulated on a moisture-free basis. 


TABLE IL. 
Globulin Precipitated by Dialysis. 


Preparation Preparation ITI. Preparation IIT. 


Ash- | Aver-| Ash- | | Ash- 
age. free. I age. free. I II | age. free. 


per | per | per | per | per } per | per | per | per | per oper 

cent | cent cent cent | cent | cent | cent | cent | cent | cent | cent | cent 
81/51 S452. 47 51.93 52.14 52.04 52.80 51.78 51.75 51.77 52.80 
H.... 7.05 7.06 7.06 7.15 6.89 6.94 6.92 7.01 6.91 6.73 6.82 6.96 
15.99 16 0416.02.16. 16 16.03 16.07,16.05 16.28 15.93 15.87 15.90 16.22 
S..... 0.70 — 0.70, 0.70 0.73; — | 0.73 0.73) 0.68 — 0.68, 0.69 
O*... | 23.52 | | 23.18 | 23.33 
Be 1.33; 1.33 1.73 | 1.73) 


* By difference. 

Globulin Extracted by Sodium Chloride and Precipitated by 
Ammonium Sulfate Sodium chloride extraets were prepared as 
described above and the clear solution was made from 0.5 to 0.9 
saturated with solid sinmonium sulfate. Practically all of the 
globulin which precipitated came down when the solution was 0.5 
saturated. At O-fof saturation only a faint turbidity was obtained 
and between 0.5 and 0.9 only a shght cloud appeared. The pre- 
cipitated protein rapidly assumed a flocculent form leaving a clear 
supernatant liquid. It was collected on a folded filter and re- 
dissolved ina small volume of distilled water since enough ammo- 
nium sulfate adhered to effect solution. The slightly turbid 
solution was filtered clear through paper pulp and the filtrate was 
dialvzed until free from sulfates. The globulin so obtained was 
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dehydrated with absolute alcohol and ether as previously deseribed. 
The vield was 3 per cent, based on the weight of the meal used, 
Analyses of four such preparations are given in Table LLL. 


TABLE IIIf. 


Globulin Preecpitated by Ammonium Sulfate. 


Preparation LV. Preparation V. 
II Aver- Ash- | A ver- Ash- 


age. free. age. tree. 


per cent per cent percent percent percent percent per cent per cent 


..| 52.841. 62.68) 52.78 53.55| 52.60) 52.78; 52.69 53.13 
16.12) 16.23) 16.18 16.40; 16.19) 16.34 16.22; 16.40 
0.57) 0.58) — 0.62 0.62 0.62 
Preparation VI. Preparation VII. 
| Aver- Ash- Aver- <Ash- 
I I age. tree. I age. free. 


per cent per cent percent percent percent percent per cent per cent 


sve} 16.40) 16.36) 16.38; 16.56; 16.15) 16.15 16.15) 16.31 
0.61) 0.61; 0.615 — | 0.64 0.64 0.64 
| | 22.58 22.76 


* By difference. 


A summary of the analyses obtained from seven preparations Is 
given in Table IV. The first three were made by direct dialysis 
of sodium chloride extracts of velvet bean meal while the remain- 
ing four were first precipitated with ammonium sulfate. 

Protein Extracted with Sodium Chloride Solution and Coagulated 
hy Heating Several preparations of velvet bean protein were 
made by heating sodium chloride extracts of the meal at 105°C, 
until no more protein coagulated. The coagulum thus obtained 
was collected on a folded filter. It was suspended in distilled 
water and washed by decantation until the washings were free 
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from chlorides. It was then dehydrated in the usual manner with 
absolute aleohol and ether. The vield of coagulated protein was 
13 per cent, based on the weight of meal used. Analyses of three 
such preparations are given in Table V. 

Distribution of the Nitrogen in Velvet Bean Protecn.—The proteins 
obtained by direct dialysis, by precipitation with ammonium sul- 
fate, and by coagulation were analyzed by Hausmann’s modified 


TABLE IV. 


Summary of Analyses of Velvet Bean Globulin. Ash-Free Basis. 


Preparation No. 


I If [if IV VI VII Average. 


percent percent percent percent percent percent percent per cent 


“tee 52.47 | 52.80 | 52.80 | 53.55 | 53.13 | 53.20 | 53.27 | 53.03 
H. 7.15{ 7.01| 6.96| 6.96! 7.18| 7.05! 7.02; 7.05 
N.. _.| 16.16 | 16.28 | 16.22 | 16.40 | 16.40 | 16.56 | 16.31 | 16.33 
0.70' 0.73: 0.69! 0.58! 0.62!) 0.61; 0.64! 0.65 
“bee TR Bie 23.52 | 23.18 | 23.33 | 22.51 | 22.67 | 22.58 | 22.76 | 22.94 


* By difference. 
TABLE V. 


Protein Obtained by Coagulation. 


Preparation VIII. | Preparation IX. | Preparation X, 


Aver-) Ash- | | Aver- Ash- | Aver- Ash- 

age. | free. | | age. | free. age. free. 

per | per | per | per, per per per per per per | per | per 

cent | cent cent | cent | cent | cent cent cent cent cent | cent | cent 
562.60 52.83 62. 72.53.5952. 08 62.50 .52.19 93.01 51.73 51.76 51.75 53.08 
H. 685 6.62 6 74 6.84 6.72 6.67 6.70 6.81 6.81 6.78 6.80 6.97 


15.65 15.73 15.69 15.9415.75 15.7615. 76,16 01 15.48 15.50 15.49.15.87 
S...... 0.815 — 0.81 0.82 0.74 — 0.74 0.75 0.78 0.78 0.78 
22 81 | 123.42 | | 23.35 
Ash... 1.38 1.38 | 1.40) 1 40 2.24 | 2.24 


method (2) in order to determine the distribution of the nitrogen. 
The results of these analvses are given in Table VI. 

Analysis of Velvet Bean Protein by the Van Slyke AMethod.— 
The globulin precipitated by direct dialysis was analyzed by using 
duplicate 3 gm. samples, each equivalent to 2.7225 gm. of moisture- 
and ash-free protein, containing 16.28 per cent of nitrogen. Each 
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TABLE VI. 


Globulin | 
(;lobulin Protein 
N precipitated by , obtained by 
dialysis. saltate coagulation. 
per cent per cent per cent 


10 62 10 54 10.73 


TABLE VII. 
Analysts of Globutin Precipitated by Dialysis. Van Slike Method. Total 
Nitrogen Corrected for Solubility of Bases (4). 


} age. 


gm. | gm. per cent per cent per cent 
0.04700.0461 10.61 10.41 10.51 
Humin N adsorbed by lime............. 0.0051 0.0059 Litt: 
Humin N in.amyl aleohol extraet....... 0.00050.0004 0.13 0.08 0.11 
0.06360.0616 14.35 13.90 14.13 
Non-amino N of filtrate............... 0.0134.0.0189 3.03 3.14 3.09 


0.4433 0.4417 100.07 99.68 99.90 


TABLE VIII. 


Basie Amino-Acids in Globulin Precipitated by Dialysis. 


H | I Average. 


percent per cent | per cent 
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sample, therefore, contained 0.4432 gm. of nitrogen. The protein 
was dissolved in LOO ce. of 20 per cent hydrochloric acid and 


hydrolyzed by boiling the solution for 36 hours. The phospho- 

.) tungstates of the bases were decomposed by the amyl alcohol- 

| ether method (3). The results are given in Tables VIT and VILL. 

i Phe globulin precipitated by ammonium sulfate was analyzed 

ai in the manner Just deseribed. The protein used contained 16.31 

TABLE. IX. 

at x Analyses Globulin Pi cipitate Ammonium Sulfate Van Mi theod), 

qi : Total Nitrogen Corrected for Solubility of Bases (4). 

I 

gm. per cent 

Human adsorbed by lime 1.19 

Humin N in amyl alcohol extract. 0 0003 0.07 

Lysine N...... 0 0351 9 30 

Total N regained 0) 3800 100.64 


TABLE X. 
Basie Amino-ANeids in Globulin Precipitated by Ammonium Sulfate. 


per cent 


Histidine 2.74 
Lysine. 7.88 


per cent of nitrogen. The sample weighed 2.6 gm. and was 


equivalent to 2.3150 em. of moisture- and ash-free protem. It 
contained 0.3776 gm. of nitrogen. The results are given in Tables 
IN and N, 

The protem obtamed by coagulation was also analyzed by the 
Van Sivke method. Duplicate 3 gm. samples were used, each 
equivalent to 2.7144 em. of moisture- and ash-free protein and 
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Analysis of Protein Obtatned by Coagulation (Van Slyke Method). 
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age 
gm. | gm. per cent per cent per cent 


Humin N adsorbed by lime............. 0.00630.0060 1.46 1 
Humin N in amyl alcohol extraet....... 


Amino N of filtrate... 57.84: 58 
Non-amino N of filtrate................. 0 01260.0109 2 92 2? 


“Total nitrogen corrected for solubility of bases (4. 


TABLE NII. 


92 10.38 
40 1.438 


0.0001 0.0004 0.038 0.10 0.07 


S81 O87 
11 12.83 
4.32 
10.21 
63 58 24 
2.é2 
37 101 07 


Basie Amino-Acids in Protein Obtained by Coagulation. 


I II 
per cent per cent 


TABLE NII, 


Average. 


on cent 
1.18 
54 
S45 


Free Amino Nitrogen of Velvet Bean Globulin Compared with the 


Liusine Nitrogen. 


Ratio of 


Total Nini gis from Tempera- Amino N in 
a Ge. « CC. ture. & Cc. 
total N. 
md. ce, rim. per cent 
0.56 wil 49S 
6 0.54 vil 24 O 506 
16.71 | 1.41 78 23 0 799 4.78 


*From Table VII. 


Onehaif 
lysine N. 
Ven Slvke 
method. 


per cent 


> 
| | 
§ > 4 
4 | 
| 
‘ | 
| 
j 
| 
i 
ag 
5 
| 
he. 
ae 


4 
- 2 
> 
a 
= 
3 
, 
+ 
4 
$ 
$ 
>» 
$ 


36 
— 
Me 
age 
2 : 
is 
: 
a 
3 


‘ 
“3 


438 Stizolobin 


containing 15.87 per cent or 0.4317 gm. of nitrogen. The results 
are recorded in Tables XI and NII. 

Determination of the Free Amino Nitrogen tn Velvet Bean Globu- 
lion.—The solutions used for these determinations were made by 
dissolving the freshly prepared protein in a 5 per cent sodium 
chloride solution. The total nitrogen in 10 ce. of this solution was 
then found. The free amino nitrogen was determined in the usual 
manner (1), using 2 ce. of solution in the Van Slyke micro-appa- 
ratus. Caprylic aleohol was used to prevent foaming and cor- 
rections were made for the reagents used. The results obtained 
are given in Table XIII. 


SUMMARY. 


1. The globulin of the Chinese velvet bean has been isolated 
and analyzed. This protein has been named stzzolobin. 

2. The basic amino-acids in stizolobin have been determined by 
the method of Van Slyke. 

3. Analyses indicate that stizolobin contains all the basie 
amino-acids known to exist in proteins. The lysine content is 
8.27 per cent of the protein. Tryptophane is also present. 

4. The free amino nitrogen in stizolobin has been determined 
and has been found equal to very nearly one-half of the lysine 
nitrogen as determined by the Van Slyke method. 
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THE GLOBULIN OF BUCKWHEAT, FAGOPYRUM 
FAGOPYRUM. 


By CARL O. JOHNS LEWIS H. CHERNOFF. 


From Prot stigation Laboratory, Bure (lad of mistry, Depart- 
ment of Agriculture, Washington.) 


(Reeeived for publieation, Mareh 30, 1918.) 


As far as we have been able to ascertain, Ritthausen! is the only 
investigator who has published the results of any research on the 
protein of buckwheat. His data appeared in in a collection 
of researches dealing with the proteins of various kinds of seeds. 
Ritthausen used an especially prepared buekwheat meal for his 
experiments and states that his best material contained a con- 
siderable proportion of finely ground bran. This meal contained 
10.44 per cent of protein. 

The material used for our experiments consisted of buekwheat 
flour and was bought under a Crovernment contract. It was 
examined by the Pharmacognosy Laboratory of this Bureau and 
declared to be free from adulterants. Two lots of flour were used 
and these contained respectively 6.5 and 7.8 per cent of protein 
(N & 6.25). This is considerably less than was contained in the 
meal used by Ritthausen. This difference is probably due to the 
fact that our flour was more highly milled than Ritthausen’s 
meal, and therefore contained less bran and more starch. 

We tried to extract a protem from buckwheat flour by warning 
it in 7O per cent alcohol, by volume, but an analwsis showed that 
only traces of mitrogen were thus extracted. This result is in 
agreement with Ritthausen’s experience. He came to the con- 
clusion that buckwheat meal contains but little if anv alcohol- 
soluble proteim. 

Ritthausen states that it was dificult to obtain protein prepara- 
tions in a relative state of purity from buckwheat meal because 

'Ritthausen, H., Die Eiweisskorper der Getreidearten, Hiilsenfrichte 
und Olsamen, Bonn, IS72, 150. 
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the extracts are of a slimy consistency due to the presence of gum. 
We eneountered similar difficulties. 

Ritthausen published the analyses of 5 different preparations of 
buckwheat protein. Four of these were made by extracting the 
meal with very dilute potassium hydroxide solutions and pre- 
cipitating the protein with acetie acid. In the ease of the fifth 
preparation the meal was extracted with water and acetic acid 
was used to precipitate the protein. 

Our most successful preparations of buckwheat globulin were 
obtained by extracting the flour with 5 or LO per cent sodium 
chloride solutions, precipitating the protein with ammonium 
sulfate, redissolving it in water, and dialyzing the solution until 
salts were removed. The yield obtained by this procedure was 
small and represented only about 20 per cent of the nitrogen pres- 
ent in the flour. The composition of the globulin thus obtained 
together with the results published by Ritthausen are given below. 


Ritthausen. 


* By difference. 


The nitrogen in the buckwheat globulin was distributed as 
follows: 


The results of analyses by Van Slvke’s method indicate that the 
globulin contains arginine, histidine, lysine, and cystine. A 
qualitative test for tryptophane was also obtained. The most 
striking result here is the high percentage of lysine. 
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The percentage of basic amino-acids in the globulin of bueck- 
wheat is: 


The high percentage of basic amino-acids in buckwheat flour is 
of importance in view of the fact that buckwheat flour is frequently 
used together with wheat flour. A mixture of these two flours 
would have a lower protein content than wheat flour. The pro- 
teins of the mixed flour would, however, probably be more efficient 
since the percentage of basic amino-acids would be higher than in 
wheat flour alone. 

EXPERIMENTAL, 


Preliminary Experiments on the Buckwheat Flour.—Dhistilled 
water at room temperature extracted 2.5 per cent of protein from 
the flour, while 5 or 10 per cent sodium chloride solutions extracted 
4.5 per cent of protein. A 5 per cent solution of magnesium sul- 
fate extracted 3.8 per cent of protein. A 0.2 per cent potassium 
hydroxide solution extracted 5.38 per cent of protein. 

Globulin Extracted by Sodium Chloride Solution and Precipitated 
hy Dralyses.--A sodium chloride extract of buekwheat flour was 
made using 875 gm. of flour and 2,500 ce. of a 5 per cent sodium 
chloride solution. After standing over night in a refrigerator, 
this mixture was filtered through paper pulp on a Buehner funnel. 
In this manner 1,500 ee. of filtrate were obtained. The extract 
was very slimy and difficult to filter. The filtrate was dialyzed 
against running tap water for 16 days. The globulin was pre- 
cipitated as a compact mass. This was washed free from chio- 
rides by means of distilled water and thrown down by means of 
the centrifuge after each washing. It was then suspended in 
absolute alcohol and dehydrated over night. It was finally sus- 
pended in absolute ether to remove the aleohol. After filtering 
off the ether, the globulin was placed in a vacuum desiceator over 
sulfuric acid to remove the ether and dried gradually to 100°C, 
Ina vacuum oven. It was finally dried to constant weight in an 
uroven at ~The yield was L per cent based on the volume 
of filtrate obtained. By this procedure the globulin was obtained 
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as a gray powder which contained 2.04 per cent of ash. The 
average results of duplieate analyses were C, 51.49, H, 6.95, N, 
16.87 per cent. 

Globulin Precipitated by Ammonium Sulfate.—2 kilos of buek- 
wheat flour were ground with 5 liters of a 5 per cent sodium chlo- 
ride solution and the mixture was placed inarefrigerator over night. 
It was then filtered through paper pulp on a Buechner funnel. 
The volume of liquid obtained was usually about 2,250 ee. Solid 
ammonium sulfate was added to this filtrate to 0.9 of saturation. 
After standing over night the precipitated protein was filtered off 
on paper pulp. The protein and paper pulp were then macerated 
ina small volume of distilled water. Enough ammonium sulfate 
remamed with the protein and pulp to effect solution. After 
filtering, the clear filtrate was dialyzed against running water for 
lOdavs. The precipitated globulin was then treated as previously 
desertbed. Tt was finally obtained in the form of an almost white 
powder. The vield was 1 per cent based on the volume of liquid 
obtained from the extraction with sodium chloride. Analyses of 
elght different preparations obtained by this method are given 
below, 
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TABLE. 


Analuses of Buckwheat Globulins. 


Preparation I. 


i Il | Aver- 
age. 


4.30 OH 7 O06 
16.64 16.81) 16.73 
1 1 (4 


Ss] S] 


Preparation 


I I] Aver- 


ave. 
51.18 30.95) 51.07 
6.81; 6.82 
17.45) 17.11 17.28 
1 30 | ao 
QO SS SS 

Preparation V. 


I II A Ver- 


age. 
51.60 51.62. 51.61 
6.72: 


17.50: 17.40: 17.45 
0.97 0.97 


ol 


7 OL 


17 30 


17.35 


Nb 


51.52! 51.28 51.11} 51.20) 
6.67, 6.70 
17.61; 17.62 


o2.15 ob. 00 
6.95 
17.62) 17.14 
0.98 1.18 
22.46 

1.24 


Preparation VIT. 


uke. 


II Aver- | 


S161 
6 SS) 6.95 
17 5S 17.44 

1.2 
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Preparation 


Ol.28 50.94 50.65 50.80 
6.84 6.75 


ly 40 


Preparation LV. 


Preparation VL. 


Ash- 
free, 


52.03) 50 62 
7.01] 6.73 
17.60 17.06 
1.21) 1.13 


1.30 


1.15 
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Vi 
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TABLE.—Concluded. 

Summary. 
28) 260 51.62) 51.660 52013) 62.86 52.08 51.28) 51.69 
H. 7.12 681 6.88 6.76 681) 7.01) 7.01) 6.81} 6.90 
| 16.87) 17.54 17.43, 17.78, 17.62. 17.40! 17.60) 17.28) 17.44 
O.............| 23.68] 23.25) 22.86) 22.58, 22.46) 22.04) 22.15] 23.48) 22.81 
* By difference. 
ee Distribution of the Nitrogen in Buckwheat Globulin. —Determina- 
. ae tions made by Hausmann’s modified method to determine the 
a distribution of the nitrogen in this globulin gave the following 
results: 
N I | Il Average. 
. - | ~ 
| 
| 


oi Analysis of Buckwheat Globulin by the Van Slyke Method.— 


at Analyses were made on two different preparations, using 2.4601 
he and 2.1056 gm. of protein. These samples contained 0.4331 and 
0.3727 gm. of nitrogen respectively. They were hydrolyzed by 
boiling with 100 ce. of 20 per cent hydrochloric acid for 24 hours. 
The phosphotungstates of the bases were decomposed by the amy] 
alcohol-cther method. 
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Analysis of Buckwheat Globulin, Van Slyke Method. 


gm. | qm. percent | | me cent per cent 3 
Amide N....... ....| 0.0418 | 0.0350} 9.65 | 9.39 9 52 HE 
Humin 38 | 3.42 a 
Arginine N.. | 0.1023 | 0.0884 | 23.62 | 23.72 2367 
Histidine 0 0049 0 0024 113 | 6.64 0 8S 
(‘ystine 0 0026 0027 | OOF 
Lysine N. | 0 0366 0 0827 $4.1. 8:77 S 61 
Amino N of filtrate. 0.2287 | 0.1881 | 52.81 | 50.47 D1 
Non-amino N of filtrate. 0.0095 1 47 
Total N regained*......, 0.4330 | 0.3718 99.98 99.76 99.88 
* Total nitrogen corrected for solubility of bases. +. 
Basic Amino-Acids in Buckwheat Globulins. 
Amino-acid. | I IT | Average. 4 
| 
| per cent per cent | per cent ; 4 
| 8.07 | 7.90 


SUMMARY. 


1. The globulin of buckwheat has been isolated and analyzed. 
Results indicate that it contains the basie amino-acids, arginine, 
histidine, lysine, and cystine. It also contains tryptophane. 

2. Results indicate that buckwheat globulin contains a rela- 
tively high percentage of lysine. 
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THE PRODUCTION OF GLYCOSURIA BY ZINC SALTS.* 


By WILLIAM SALANT ann LOUIS ELSBERG WISE, 


From the Pharmacological Laboratory, Bureau of Chemistry, partiners 
of Agriculture, Washington. 


Received for publication, March 2, 191s. 


INTRODUCTION, 


The effects of zine have been studied from different points of 
view by various investigators. While considerable attention was 
directed toward its general biological! action some observations on 
its behavior in the body have been conducted either with a view 
to the therapeutic value of some of its compounds Or on account 
of its Importance in hygiene, due to the deleterious effects exused 
by zine in numerous industries and because of its oecurrence in 
food products. As the amount of zine found in) food may 
be quite large, considerable interest attaches to the changes 
which it produces in the body. Accordingly new studies on its 
action were undertaken, the present investigation being the first 
of aseries of reports on the subjeet. Although some of the effects 
produced by zine and its salts have already been established by 
experiments on animals and in eases of poisoning im man, the 
observations were confined almost entirely to changes in function 
or structure of some organs, no systematic inquiries having been 
reported on the alteration of metabolic processes caused by the 
metal or any of its compounds. The only record of an attempt 
at such a study which we could find after a diligent search of 
the literature, was a casual observation of d’Amore, Falcone, 
and Maramaldi.! According to these investigators considerable 


*The senior author disclaims all responsibility for previous publications 
on this subjeet purporting to come from this laboratory and involving 
quantitative determinatians of sugar in the blood and in the urine. 

'd’Amore, L., Falcone, C., and Maramaldi, L., Compt. rend. Soe. biol., 
1892, iv, 335. 
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amounts of sugar, as well as albumin and casts, were found in 
the urine of dogs that had been fed 0.5 to 1.0 gm. of zine daily. 

As zine resembles other heavy metals in the changes it produces 
In animals, it is of interest to recall in this connection the obser- 
vations on some of the effects caused by them, particularly the 
production of glycosuria and the changes of the concentration of 
sugar in the blood associated with lesions of the kidney. 


According to Schroeder? glycosuria was observed after small doses of 
merearic chloride. This was corroborated by Wissel,’ who found about 
0.5 per cent of sugar in the urine, and reported that the concentration of 
sugarin the blood was normal or below. That glycosuria may be caused by 
sublimate was also shown by Richter.4 but he also stated that it is associated 
with hyperglycemia, the blood sugar being increased 60 to 100 per cent 
in some animals. After intravenous injection of 38 mg. of bichloride of 
mercury into rabbits, Frank® found 0.25 per cent to 1.08 per cent of sugar in 
the urine, the amounts present in the blood being normal. Luzzatto® 
reported 0.5 per cent to 14 per cent sugar in the urine and 0.147 per cent 
sugar in the blood after the subcutaneous injection of corrosive sublimate 
into rabbits. Similar studies on this subject were also made by Graf,? 
and according to Lépine® glycosuria may occur in man after corrosive 
sublimate. 

Numerous investigations were carried out with the salts of uranium, 
Since its discovery by LeConte,’ glycosuria produced by uranium salts has 
been reported by Chittenden and Lambert,!’ Woroshilsky,'! Meyner,!? 
Lépine and Boulud,'*® Fleekseder,'* Pollak,'® Frank, and Luzzatto.®  Ae- 
cording to Frank and Luzzatto the amounts of sugar in the urine varied 
between 0.02 and 0.75 per cent, and glycosuria Was also found in the urine 
of fasting animals, but the amount of sugar was less and appeared later 
than in well fed animals. Its duration, as shown by Frank in experiments 
on dogs, was 8 to Il days after a single injection of the salts. Reports of 


Schroeder, H., Dissertation, Wurzburg, 1893. 
Wissel, O., Dissertation, Wiarzburg, 
* Richter, P. FL, Deutsch. med. Weceh., 1899, xxv, S40. 
* Frank, E., Arch. exp. Path. u. Pharmakol., 1913, Ixxii, 887. 
6 Luzzatto, R., Z. exp. Path. u. Therap., 1914, xvi, 18. 
Graf, Dissertation, Wurzburg, 1895. 
*Lépine, R., Arch. med. ecp. et anat. path., 1908, xv, 129. 
* LeConte, Gaz. méd. Paris, 1854, ix. 196. 
Chittenden, R. H.. and Lambert, A., Z. Brol., IS89, xxv, 513. 
Woroshilsky, J., Dissertation, Dorpat. ISSO" 
Meyner, H., Dissertation, Wurzburg, 
'S Ta pine, R., and Boulud, leer. méd. 1904, xxiv, 1. 
Fleckseder, R.. Arch. exp. Path. u. Pharmakol., 1906-07, Ivi, 54. 
© Pollak, L., Arch. erp. Path. u. Pharmakol., 1909, Isa, 376. 
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the concentration of sugar in the blood were conflicting, some having 
observed hyperglycemia, others normal or subnormal amounts. 

Chromate glycosuria has also been reported by a number of observers. 
To Veron!® belongs the credit of first calling attention to the production of 
ylycosuria by the salts of chromium. But more extensive studies of the 
subject were made later by NKéssa,!7 who determined the amount of sugar 
in the urine as well as in the blood. According to this writer no hyper- 
givcemia was observed in animals poisoned with chromate. This was 
contradicted, however, by other investigators, some of whom obtained 
values that were either higher or much lower than those reported by WKéssa. 
The amounts of sugar in the urine did not exceed 1.2 per cent, the glycosuria 
lasting for weeks after a single injection. This subject was also studied 
by Blanek,'® Pollak. Frank,’ and later by Luzzatto.® all of whom found 
sugar in the urine, but disagreed as to the amounts present in the blood 
after the administration of chromium salts. According to Pollak, the 
concentration of sugar in the blood of rabbits that received chromate sub- 
cutaneously may reach about 0.254 per cent. The amounts he found in the 
urine were 0.28 and 1.3 per cent. Luzzatto stated that glycosuria and 
albuminuria occurred after potassium chromate. He reported 2 per cent 
of sugar in the urine in one experiment and 1 per cent in another, and 
stated that sugar was observed in the urine of well fed and of fasting ani- 
mals. According to Luzzatto,® tellurium salts, especially sodium tellurate, 
may also cause glycosuria and albuminuria in animals, the amount of sugar 
in the urine usually being 0.3 to 0.5 per cent and reaching sometimes 1 per 
eent. The glycosuria, which may last 5 davs, sets in within 48 hours after 
subcutaneous injection, albuminuria appearing before the glycosuria. 
It was observed by him in well nourished animals and in those that have 
fasted several days. The concentration of sugar in the blood, according to 
Luzzatto, varied between 0.075 and 0.095 per cent. 

Glycosuria was also reported by Filippi'? in experiments with selenium. 


Methods. 


The experiments were carried out on rabbits, cats, and dogs. The 
zine salts were administered in the form of malate or acetate, the former 
when introduced intravenously, subcutaneously, or intramuscularly, the 
latter when given by mouth. Blood sugar was determined by the method 
of Lewis and Benedict,?° the blood for the analyses being obtained from 
the heart by a hypodermic needle which was introduced into it through 


6 Veron, Thése de Paris, 1885, cited by Lépine, Le diabéte sucré, Paris, 
1909. 

17 Késsa, J., Arch. ges. Phystol., 1902, Ixxxviii, 627. 

1S Blanek, S., Med. Alin., 1905, i, 1144. 

Filippi, Sperimentale, 1913, Ixvii, 565. 

2° Lewis, R.C., and Benedict, 8S. R., Proc. Soc. E.cp. Biol. and Med., 1913- 
14, xi, 57. 
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the chest wall. For the determination of the sugar in the urine, Allihn’s 
method was employed throughout this investigation. 

The amount of albumin in the urine was roughly determined by weighing 
the dried precipitate obtained by coagulation. The following symbols 
were used to indicate the approximate quantities present: 

ling. albumin per ce. urine. 
l to 2mg. albumin per ec. urine. 
of Giliycosuria and after thie . | 


of Zine Malate and LINC Ac 


The intravenous injection into rabbits of 9 to LO me. of zine 
per kilo in the form of matkite was followed by albumiunturia asso- 
ehited with glycosuria and hwperglveemia. The quantity of sugar 
in the urine varied from mere traces to about 0.3 per cent, but 
In one rabbit the urme contained percent sugar.  Clwcosuria 
Was observed in some experiments 6 hours atter the injection of 
zine malate, but its appearance was sometimes delaved until the 
2nd, 3rd. or 4th day, and in two rabbits it was first noticed on the 
Sth day after zine was given. Its duration also varied in different 
experiments, being transitory mm some cases, as sugar was found 
on | day only, while the urine of other rabbits contained sugar 
for 2. 8, and 4 days in succession. The albuminuria usually 
preeeded the e@lveosurian, was often very marked, and bore no 
relation to the amount of sugar in the urine. In some cases it 
appeared at the same time and im one experiment the glycosuria, 
on the contrary, preceeded the albuminuria. Mention might be 
made in this connection that glycosuria was frequently absent in 
rabbits that had been reeciving carrots at the time of the injection 
of zine while the amounts of albumin in the urine were sometimes 
negheible and soon disappeared. 

Zine salts administered subcutaneously or by mouth likewise 
produced glycosuria and albuminuria, but much larger doses were 
required. of zine per kilo, when injected subcutaneously, 
were followed by marked glycosuria in some rabbits while doses 
of 50 to 75 me. of zine per kilo were much less effective. It 1s 
portant to note that in these experments also the albuminuria 
Was more pronounced and was likewise more persistent than the 
glycosuria. When zine was given by mouth, glycosuria was less 
frequent, although large amounts of the metal, 500 mg. per kilo, 
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which were fed in the form of acetate, were aciministered. As 
observed in experiments by subcutsmeous tijection, 
was constant and was more marked than the glycosuria. In 
some experiments 20 gm. of sucrose per kilo were dissolved sind 
given by mouth. The administration of zine aeetate later to these 
nmimals evoked glycosuria more readily than in those whieh had 
not received sugar. The presence of dextrose in the urine was 
usually detected on the day tollowing the administration of the 
salts. In some instances its appearance was delayed 5 or 7 days. 
In all of our experiments in which the zine salts were given sub- 
cutaneously or by mouth, glycosuria was transitory as it) was 
never found in the urine on subsequent days. 

(ilveosuria Was likewise observed after the subeutsaneous in- 
jection into cats of 25 to lOO mg. of zine in the form: of malate. 
This was noticed ina considerable proportion of experiments, but 
not imall. The amounts of sugar were much larger, however, than 
in the urine of rabbits that were similarly treated, for after the 
injection of malate into cats the urine contained 0.5 to 2.72 per 
cent of glucose. Sugar was detected in the ure in two experi- 
ments on the day following the injection, ina third within 3 days, 
In a fourth in 56 davs. The duration of @lycosurin was dav 
in all cases except one in whieh the urine contained sugar on 4 
successive cases traces, or amounts of 
appeared in the urme within to 3 days, but the amount was 
considerably mereased a few daws Inter, 

experiments on dogs were made with 15 to 26 mg. of zine per 
kilo whieh was injected intramuscularly. two experiments 
the albuminuria was very moderate in degree but im the third 
considerable amounts of albumin were present. The test) for 
sugarin the urine was positive in two expermments, but no quanti- 
tative determinations were made. The duration of life was | to 
dave. 

Finally, attention may be called to the relation of food and 
fasting to the glyeosurin observed after zine. In all eases its 
administration, especially when @iven intravenously and subeu- 
taneously, was followed by almost immediate loss of appetite. 
Since the glycosuria frequently persisted more than L day, sugar 
being found in the urine of the $rd or even of the 4th day, it is 
evident that it is independent of the nutritional condition of the 
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subject, since it may even occur in fasting. This, as will be 
ie seen later, is important in throwing light on the nature of the 
: glycosuria produced by zine. 


# Concentration of Sugar in the Blood after the Intravenous Injection 
4 of Zine. 
i In view of the conflicting results obtained in experiments with 
a | other heavy metals it Was especially Interesting to determine 
) whether the glycosuria observed after the administration of the 
Wy | salts of zine is associated with any change in the sugar content 
. . of the blood. Only rabbits in which the blood sugar content 
4 ! showed little variation were chosen for the tests. The results 
a | of the experiment given in Table I] show that a decided increase 
+) in blood sugar followed the intravenous injection of 10 mg. per 
q kilo of zine in the form of zine malate, the average increase being 
ae | approximately 33 per cent. It will be remarked, however, that 
i there was practically no difference in the amounts of blood sugar 
a | i of rabbits on a diet of oats and those on a diet of carrots. 
a | Since there was loss of appetite after the administration of 
a ; zine it Was considered advisable to determine also the amount of 
a. sugar in the blood in fasting rabbits. Analysis of the blood 
oy | made after 2 davs of fasting, the rabbits having been fed pre- 
a : viously oats or carrots, showed that the concentration of sugar 
may vary between 0.129 and 0.160 per cent. 
fluence of Chloride on Zine Glycosuria, 

i 4 The effects of calcium in eonditions of abnormal sugar metabolism have 
eee been studied by several investigators. Brown*! reported that calcium 
5 Pt chloride prevented the exeretion of sugar in the urine in phlorhizin diabetes 


{ and in glyeosuria produced by sodium chloride. This was corroborated 
lnter by Fischer®? and denied by MeGuigan and Brooks,?> who failed to 
inhibit sodium chloride glycosuria by means of caleitum. But according to 
Underhill and Closson,?! glyeosuria produced by the intravenous infusion 


i of sodium chloride may be partly or entirely inhibited when calcium chlo- 
is ride is administered simultaneously. These results were corroborated later 
Brown, O. H., Am. J. Physrol., 1903-04, x, 378. 

Fischer, M. H., Arch. ges. Physrol., 1905, e1x, 1. 
MeGuigan, H., and Brooks, C., Am. J. Physiol., 1907, xvii, 256. 


Underhill, F. P., and Closson, O. Am. J. Physiol., 1905-06, xv, 321. 
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by Underhill and Wleiner.* Jacoby and Eisner?® caused a marked decrease 
or a complete inhibition of the excretion of sugar in phlorhizin diabetes in 
dogs. 


The effeet of calcium on glycosuria produced by zine malate 
was tested in the following experiments, 10 to 15 ce. per kilo of 
an caleium chloride solution being injected intravenously 
immediately before or after the zine salts, of which 10 mg. per kilo 
were given in the form of malate. It will be remarked, as shown 
in Table II], that the amount of sugar in the urine was in some 
‘cases much larger than that produced by zine malate alone. 
In one of the four experiments a trace only of sugar was present 
while in two the amounts of sugar found in the urine were 
0.4 per cent and 0.5 per cent in 24 hours, and in one case it was 
0.2 per cent in 48 hours. Tests for sugar could be obtained on 
the next day after the injection of caleium and zine, but none 
was present after the 4th or 5th day. The appearance of albumin 
preceded that of the sugar in one experiment (Rabbit 1,516), but 
in the others both were observed at about the same time. 


SUMMARY AND DISCUSSION, 


Briefly stated, the essential facets established are as follows: 
When zine malate was injected intravenously into rabbits, glyco- 
suria and hyperglycemia appeared; the presence of sugar in the 
urine as well as its increased amount in the blood being observed 
in well fed and in fasting animals; when sucrose was fed glyco- 
suria was produced more easily. Glycosuria was also produced 
by subcutaneous injections and after the administration of zine 
malate or acetate per os but much larger doses were required. 
The amount of sugar in the urine was never large, being usually 
about 0.35 per cent or less, in rabbits, but much larger averages 
were found in the urine of cats. Albuminuria, which in some 
eases became very pronounced, was likewise observed after 
administration of zine salts, and it appeared either simultaneously 
with or before the glycosuria and lasted sometimes until the animal 
died. The duration of the glycosuria was about | to 4 days and 
also appeared irregularly in some experiments. Gilveosuria, as 

>> Underhill, F. P., and Nleiner, 1. 8., J. Biol. Chem., 1908, iv, 395 

2) Jacoby, M., and Eisner, G., Ber. klin. Woeh., 1913, 1, 1359 
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well as albuminuria, was frequently absent in earrot-fed rabbits. 
When ealeitum ehloride was injected intravenously immediately 
after or before zine malate, glycosuria was slightly increased. 
The rate of secretion of urine was either diminished or remeined 
unehanged after the administration of zine salts. few cases 
only was the amount of urine augmented after the zine. 

It appears, therefore, from this summary that some of tue 
effects produced by zine salts are analogous to those caused by 
the administration of other heavy metals. On the other hand, 
wellmarked differences were also observed. While hyperglycemia, 
after the subcutaneous injection of potassium chromate, was re- 
ported by Pollak,’ this was denied by Kossa,'? Frank, and later 
by Luzzatto.® This writer observed a shght hyperglycemia after 
mereurie chloride, but it was not eorroborated by other in- 
vestigators. 

The duration of zine glycosuria also seemed to be different 
from that observed after other heavy metals. As reported by 
Frank,’ glycosuria persisted in dogs 8 to Il days after the sub- 
eutaneous administration of uranium nitrate. He to 
have observed a similar tendeney in experiments with potsssium 
chromate. but his protocol shows that the glycosuria lasted 3 to 
f davs only. Considerable emphasis was laid by Luzzatto and 
by Frank on the polyuria observed in the early stages of poisoning 
with large doses and of its persistence when small doses were 
given. The protocols cited and a large number of experiments 
made with zine in another connection indicated that the volume 
of urine may, on the contrary, be decreased at the beginning 
or remain unchanged, polyuria occurring in some cases only. Ac- 
cording to some observers the appearance of sugar preceeded the 
albuminuria, but others have reported that the order was reversed. 
With the exception of the hyperglycemia the character of the glyco- 
suria after zine malate is closely similar to that produced by the 
other heavy metals. It has been pointed out by several observers 
that the glycosuria caused by heavy metals is due to increased 
permeability of the kidney for sugar and has been regarded, there- 
fore, as renal diabetes. The mechanism of the glycosuria pro- 
duced by zine salts is even more difficult of determination since, 
nus we have seen, it deviates somewhat from the type produced 
by other heavy metals. Several factors may be considered 
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before drawing conclusions as to the nature of zine glycosuria. 
The depression, and finally the paralysis, of the respiratory center 
produced by zine salts was long ago pointed out by Harnack.?7 
This has been corroborated by numerous experiments upon rab- 
bits carried out in this laboratory with zine malate. That 
diminished respiration and asphyxia cause glycosuria was shown 
by several investigators. Araki?’ reported the presence of large 
amounts of sugar in the urine of different animals that have 
been kept in an atmosphere poor in oxygen. Kunkel’? stated 
that 6 per cent of sugar was found in the urine of animals in 
asphyxia. Later UnderhilP® found that lack of oxygen may 
produce a marked hyperglycemia as well as glycosuria. Aecord- 
ing to Araki glycosuria following asphyxia is possible only in well 
fed animals. Hence the glycosuria produced by zine malate is in 
all probability not due to diminished respiration and consequent 
decrease of oxidation, since glycosuria caused by zine may be 
produced in fasting, and the amounts of sugar present in the 
urine are very small. There is reason to believe that renal 
diabetes, which may be due to changes in the glomeruli or to 
injury of the convoluted tubules, is inhibited by caletum. Our 
findings with this salt, as stated above, might indicate that the 
glycosuria is not of renal origin, since the administration of 
ealerum salt in zine diabetes gave negative results. On the other 
hand, we found that rabbits behave differently when they are fed 
outs alone, or when they receive carrots exclusively. This 1s, 
indeed, significant, in view of the protective action of diet against 
renal irritants, reported by Salant and Bengis,*! and Salant and 
Swanson.? The absence of sugar in the urine of rabbits that 
received zine, notwithstanding a diet very rich in sugar, might 
indeed be due to the increased resistance of the kidney to this 
metal, which furnishes a strong argument in favor of the renal 


origin of zine glycosuria. 


Harnack, E.. Arch. erp. Path. u. Pharmakol., 874-75, wi, 44. 

28 Araki, T., Z. physiol. Chem., 1891, xv, 335. 

** Kunkel, A. J., Lehrb. Toxikol., Jena, 1901, pt. i, 348. 

°° Underhill, F. P., J. Biol. Chem., 1905-06, 1, 113. 

Salant, W., and Bengis, R., J. Pharmacol. and Exp. Therap., 1916-17, 
ix, 529. 

2 Salant, W., and Swanson, A. M., J. Pharmacol. and Exp. Therap., 
1918, x1, 27. 
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THE DISTRIBUTION AND ELIMINATION OF ZINC AND 
TIN IN THE BODY. 


By WILLIAM SALANT, J. B. RIEGER, ann L. TREUTHARDT. 


(From the Pharmacological Laboratory, Bureau of Chemistry, Department of 
Agriculture, Washington.) 


(Received for publication, March 2, 1918.) 


The presence of zine in the tissues and fluids of the body after the ad- 
ministration of its compounds to animals was studied by Heller,! Michaelis,* 
Schlossberger,® Matskevitch,4 Lehmann,® Sacher,® Jacobi,? and Brand]! and 
Scherpe.* The different results obtained by these observers may be repre- 
sented by the work of the following investigations. After the intravenous 
injection into a dog, of 300 mg. of zine in the form of malate, which was intro- 
duced at different intervals in 7 days, Jacobi recovered from the feces 
70.9 per cent in 14 days. 7 days after the injection of zine was discontin- 
ued, the dog was bled and the organs were removed from the body. Analy- 
sis for the presence of the metal indicated that the liver contained 8.4 
per cent of the amount introduced in the circulation, but mg. doses only 
were found in the spleen and kidneys. According to Matskeviteh zine 
oxide or acetate injected subcutaneously into dogs is eliminated chiefly 
by the stomach and intestines, smaller quantities being found in the urine 
and in the bile, but he reported that 35 per cent of the quantity introduced 
was found in the skeleton, and 4 per cent in the skin. Lehmann stated 
that after feeding zine carbonate to a dog for 11 months he found zine in 
considerable quantities in the liver, kidney, lungs, urine, bile, stomach, 
and intestines. 


The present report deals with the exeretion of zine when 
administered by various methods, but experiments were also 
conducted to ascertain how long it remained in the circulation, 
and whether it was deposited in any of the organs. Additional 


‘Heller, J. F., Arch. Phys. u. path. Chem. u. Mik., 1847, iv, 231. 
Michaelis, F., Arch. physiol. Heilk., 1851, x, 109. 
Schlossberger, Arch. physiol. Heilk., 1848, vii, 589. 
Matskevitch, B., Dissertation, St. Petersburg, 1878. 
Lehmann, Kk. B., Arch. Hyg., 1897, xxviii, 291; 1910, Ixxti, 358. 
Sacher, A.. Arh. pharmakol, Inst. Dor pat, 1893, ix, 88. 

Jacobi, Arh. k. Gesundhtsamte, 1899, xv, 204. 

* Brand! and Scherpe, Arb. k. Gesundhtsamte, 1899, xv, 185. 


465 


4 


TO 


Pg 
q 
Ke) 

i, 


<p 
i 
> 
4 
A 
et 
ig 
4 - 
4 


atin! 


+ 


» 


464 Elimination of Zine and Tin 


data on the elimination and distribution of tin are also included 
in this investigation in continuation of the work on the same 
subject previously published from this laboratory.® 


Method. 


Zine malate and acetate were administered by mouth, subcutaneously, 
and intravenously. The elimination of zine into the gastrointestinal 
canal was studied by examining the contents of the stomach and intestines, 
and the feces, separately or combined. The urine, blood, bone, liver, and 
skin were also analyzed for zine. The method of analysis was as 
follows: The material was digested with nitrie and sulfurie acid until 
a clear and almost colorless solution was obtained. The acid was then 
evaporated and the residue ignited in a mufHe at a low red heat and ex- 
tracted with about 5 percent hydrochloric acid several times. A few cc. of 
a lO percent solution of sodium dihydrogen phosphate and enough ammonia 
to make it strongly alkaline were then added to the extract. which was 
about 0.5 to 1 liter. This was filtered and the precipitate Washed and dis- 
carded. The filtrate and washings, which contained the zine compound 
in solution, were evaporated to dryness. When the residue was small, it 
was dissolved in water containing a few cc. of ammonia with 1 or 2 ec. of 
the acid phosphate, and the solution almost exactly neutralized (alizarin). 
Under these conditions zine ammonium phosphate is formed and upon 
shaking for a few minutes settles out as a floeculent precipitate which be- 
comes granular on standing for several hours in the cold. It is then filtered 
off on a tared Gooch crucible, ignited at a low red heat, and weighed as 
zine pyrophosphate. To confirm the presence of zinc, the zinc pyrophos- 
phate should be dissolved from the Gooch and identified as the white 
sulfide. In cases where the residue obtained by evaporation was con- 
siderable. it was ignited again after adding a few cc. of concentrated sul- 
furic acid, and the process carried on from that point in the usual way. 


EXPERIMENTAL. 


The fate of zine when injected intravenously indicated that the 
gastrointestinal canal was the chief organ of elimination, as 2 
or 8 days after its administration one-third to nearly one- 
half of the amount given was recovered from its contents 
and the feces. The urine, as shown in Table I, contained but 
minute quantities of zine which were practically within the limits 
of experimental error. Appreciable amounts of the metal were 
recovered from the liver. In three experiments, it was 13 to 15 per 

* Salant, W., Rieger, J. B.. and Treuthardt, E. L. P., J. Biol. Chem., 
1914, xvil, 265. 
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cent; in the fourth it amounted to about 11 per cent of the quan- 
tity of zine administered. Although the amounts present in the 
skin were small, 2.7 and 4.2 mg. of zine, the evidence is sufficient 
to warrant the conclusion that the metal may either be stored or 
eliminated by this organ. An attempt was also made to study 
the elimination of zine in abnormal conditions of the intestine. 
According to MeCrudden,! elimination by the intestinal mucosa 
takes place more readily if hyperemia is present. Concentrated 
solutions of sucrose were given by mouth to rabbits as this pro- 
duces congestion and sometimes inflammation of the mucous 
membranes of the intestine. The analytical data’ obtained 
indicated, on the contrary, that much smaller quantities of zine 
are climinated by the intestines after this treatment. The 
amounts recovered in three experiments were 22.5, 20, and 11 
percent of the quantities injected intravenously, whieh practically 
represented the elimination by the gastrointestinal Canal as the 
quantities found in the liver, when suerose was fed, were neg- 
hgible, being 0.9 mg. of zine in one experiment, 1.2 me. in an- 
other, and 2.5 mg. ina third. 

Observations on the fate of zine when injected intravenously 
were also made on cats into which zine malate was administered 
under local anesthesia. Three cats used for these experiments 
received a total of S4 mg. of zine in the form of malate, and were 
bled 3 hours later. The results of the analysis are as follows: 
Less than 1 mg. Zn. 


CGiall bladder and contents. __.. 


Intestines and contents............ 
Muscle (considerable loss)... ....4.4 mg. Zn. 
Bones (only small part of skeleton examined, rest - 


It will be observed that even after an interval of only 3 hours, 
the climination into the intestines was about 10 per cent of the 
amount injected but excretion into the stomach or the bile may 


MeCrudden, F. H., Arch. exp. Path. u. Pharmabol., 1910, Ixii, 374. 
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be considered negligible. The intestines may be regarded, there- 
fore, as the only channel for the elimination of zine also in this 
ease. The small amount of zine in the liver is probably related 
to its presence in the circulation, accumulation in this organ 
taking place upon the disappearance of the metal from the blood. 
The elimination of zine when given by subcutaneous injection 
likewise took place chiefly in the intestinal canal, but much 
smaller quantities of the metal were found in the contents of the 
intestines and feces in these experiments than after intravenous 
injections. The amounts of zine recovered in four experiments 
were LO, 15, 380, and 32.2 per cent. This would seem to be ac- 
counted for by the retarded absorption as indicated by the larger 
amounts of zine found in the skin at the site of injection, but the 
total amount of zine in the skin was 67 mg. The remainder, 
which is 114mg. of the metal, must have been absorbed. Similar 
results were obtained in another experiment. As in experiments 
in which zine was given intravenously, the amounts eliminated 
in the urine in 48 hours were small, being 1.0, 2.0, and 2.5 mg. 
Only small amounts were found in the liver. Analytical data of 
rabbits that received zine by subcutaneous injection follow: 


. 


2 


3 
a 
3 


Total Zn Injected, 181 Mg. (88 and 93 Mq.). 


rid. 

Gastrointestinal canal, Rabbit 5.2 
Gastrointestinal canal, Rabbit 1104.0... 
Skin, Rabbit 1,103, region of injection..............27.0 

1,104, region of injeetion....... 


Total amount of zine recovered in 48 hrs... ...107.5 = 59.4 per 
cent of amount 
injected. 


experiments were also carried out to test the absorption of 
zine from the gastrointestinal canal. | gm. of zine acetate was 
given by mouth through a stomach tube to each of three rabbits. 
At the end of 24 hours, the rabbits were bled to death. The 
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blood of the three rabbits was combined and examined for zine, 
“but traces only could be detected. The livers which were simi- 
larly treated, contained 7.0 mg. of zine. In a second experiment 
in which the zine acetate was given 24 hours after feeding 50 cece. 
of a 60 per cent solution of sucrose, the amount of zine in the com- 
bined livers was 12.5 mg. In two other experiments with zine 
acetate in which no sucrose was given, the liver contained 3.3 and 
4.0mg. of zine. It would seem, therefore, that the sugar probably 
favors the accumulation of zine in the liver. This may be due 
to increased absorption as the strong solution of sugar was usually 
followed by well marked hyperemia and often by inflammation of 
the intestine. It has been shown by Maverhofer and Pribram!! 
that absorption from the intestine is more favorable in animals in 
which enteritis has been produced experimentally. Perhaps the 
same holds for zine. 


DISCUSSION, 


The evidence regarding the fate of zine in the body indicates 
that the distribution in the tissues and the channels of elimination 
are closely similar for all heavy metals. As has been shown for 
lead, silver, iron, nickel, mereury, and bismuth, the gastro- 
intestinal canal is the main channel of elimination, the kidney 
playing a very subordinate role. In the case of some of these 
substances, the result of analysis of the urine either failed to 
indicate their presence after their administration to animals or 
mg. doses only were found as has been shown in the case of lead. 
Aceording to Legge and Goadby,” the amounts eliminated by the 
kidney never exceeded 5 mg. in 24 hours, while Blum,'* reported 
that he was unable to detect the presence of lead in the urine 
after poisoning with lead iodide, but the kidneys contained mini- 
mal amounts of it. This is particularly interesting In view of the 
fact that the renal changes produced by these metals are strikingly 
similar, according to Legge and Goadby. The kidney is likewise 
apparently unable to eliminate either iron or silver. 


1 Mayerhofer, E., and Pribram, E., Z. exp. Path. u. Therap., 1909-10, 
vil, 247. 

Legge, T. M., and Goadby, K. W., Lead Poisoning and Lead Absorp- 
tion, London, 1912. 

'S Blum, F., Wien. med. Woch., 1904, liv, 537. 
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